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(57) Abstract 

A variable modulation index for a 
transponder (102, 200, 400) capable of 
measuring one or more parameters (e.g., 
temperature, pressure) in an object (e.g.. a tire. 
(104)) and transmitting a data stream (Figures 
3C. 4B) to an external rcader/intcrrogator 
(106). The transponder typically operates in 
a passive mode, deriving its power (Vxx. Vcc, 
Vdd) from an RF interrogation signal received 
by an antenna system (210, 410. 710). but 
can also operate in a batteiy-powered active 
mode. The transponder includes memory (238, 
438) for storing measurements, calibration 
data, programmable trim settings (436b), 
transponder ID and the like. Data stream 
transmission is preferably accomplished by 
PSK modulation (700) of the received RF 
signal, wherein the magnitude of modulation 
(index) is programmably varied in binary 
steps according to the programmed trim 
settings, and dynamically varied according to 
the level of input power In order to optimize 
the transmission. The transmitted signal is 
cleaned of noise by synchronizing a clock 
signal with the data stream signal. 
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PROGRAMMABLE MODULATION INDEX FOR TRANSPONDER 



TECHNICAL FIELD OF THE INVENTION 

The present invention relates to monitoring pressure and temperature and, more 
particularly in conjunction with transpondo^ associated witii the tires for transmitting 
pressure and temperature measurenc^nts to an external (e.g.» on-board) receiver (reader, or 
reader/interrogator). 

BACKGROUND OF THE INVENTION 

Safe, efiicient and economical operation of a motor vehicle depends, to a significant 
degree, on maintaining correct air pressure in all (each) of the tires of the motor vehicle. 
Operating the vehicle with low tire pressure may result in excessive tire wear, steering 
difficulties, poor road-handling, and poor gasoline mileage, aU of which are exacerbated 
when die tire pressure goes to zero in the case of a "flat" tire. 

The need to monitor tire pressure when the tire is in use is highlighted in the context 
of "run-flat" (driven deflated) tires, tires which are capable of being used in a completely 
deflated condition. Sudi run-flat tires, as disclosed for example in commonly-owned USP 
5,368,082, incorporated in its entirety by reference herein, may incorporate remforced 
sidewalls, mechanisms for securing the tire bead to the rim, and a non-pneumatic tire 
(donut) within die pn^miatic tire to enable a driver to maintam control over the vehicle after 
a catastrophic pressure loss, and are evolving to the point where it is becoming less and less 
notic«ible to the driver i};at the tire has become deflated.. The bro^d rsirpose hehmd usipg 
run-flat tires is to enable a driver of a vehicle to continue driving on a deflated pneumatic 
tire for a limited distance (e.g., 50 miles, or 80 kilometers) prior to getting the tire repaired. 
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rather than stopping on the side of the road to repair the deflated tire. Hence, it is generally 
desirable to provide a low tire pressure warning system within m the vehicle to alert (e.g., 
via a light or a buzzer) the driver to the loss of air pressure in a pneumatic tu^. 

To this end, a number of electronic devices and systems are known for monitoring 
the pressure of pneumatic tires, and providing the operator of the vehicle with either an 
indication of the current tire pressure or alerting the operator when the pressure has dropped 
below a predetermined threshold level. 

For example, USP 4,578,992 (Galasko, et al; 04/86), incorporated m its entirety 
herein, discloses a tire pressure indicating device including a coil and a pressure-sensitive 
capacitor forming a passive oscillatory ckcuit having a natural resonant frequency which 
varies with tire pressure due to changes caused to the capacitance value of the capacitor. 
The circuit is energized by pulses supplied by a coil positioned outside the ture and secured 
to the vehicle, and the natural frequency of the passive oscillatory ckcuit is detected. The 
natural frequency of the coil/aq>acitor circuit is indicative of the pressure on the pressure- 
sensitive capacitor. 

It is also known to monitor tire pressure with an electronic device which is not 
merely a passive resonant circuit, but rather is enable of transmitting a radio frequency 
(RF) signal indicative of the the pressure to a remotely-located receiver. Sudi a 
"transmitting device*" may have its own power supply and may be activated only when the 
pressure drops below a predetermined threshold. Alternatively, the transmitting device may 
be activated ("turned ON") by an RF signal from the remotely-located receiver, in which 
case the receiver is considered to be an "interrogator". Additionally, the transmitting device 
may be powered by an RF signal from the interrogator. Additionally, the electronic device 
which monitors the tire pressure may have the capability of receiving information from the 
interrogator, in which case the electronic device is referred to as a "transponder". 

As used herein, a "transponder" is an electronic device capable of receiving and 
transmitting radio frequency signals, and impressii^ variable information (data) in a suitable 
format upon the transmitted signal indicative of a measured condition (e.g., tire pressure) or 
conditions (e.g., tire pressure, temperature, revolutions), as well as optionaUy impressing 
fixed information (e.g., the ID) on the transmitted signal, as well as optionally responding 
to mformation which may be present on the received signal. The typical condition of 
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paramount interest for pneumatic tires is tire pressure. "Passive" transponders are 
transponders powered by the energy of a signal received from the interrogator. "Active" 
transponders arc transponders having their own power supply (e.g., a battery), and include 
active transponders which remain in a "sleep" mode, using minimal power, until "woken 
up" by a signal from an interrogator, or by an internal periodic timer, or by an attached 
device. As used herein, the term "tag" refers either to a transponder having transmitting 
and receiving capability, or to a device that has only transmitting capability. Generally, tags 
which are transponders are preferred in the system of the present invention. As used herein, 
the term "tire-pressure monitoring system" (TPMS) indicates an overall system con5)rising 
tags within the tires and a receiver which may be an interrogator disposed within the 
vehicle. 

It is known to mount a tag, and associated condition sensor (e.g., pressure sensor) 
within each tire of a vehicle, and to collect information from each of these transponders with 
a common single interrogator (or receiver), and to alert a driver of the vehicle to a low tire 
pressure condition requiring correction (e.g., replacii^ the tire). For exan^le, USP 
5,540,092 (Handfield, ct al.; 1996), incorporated in its entirety by reference herein, 
discloses a Systran and method for monitoring a pneumatic tire. Figure 1 therein iUustrates a 
pneumatic tire monitoriiig system (20) con4}risiii|g a tranqxinder (22) and a receiving unit 
(24). 

Examples of RF transponders suitable for installation in a pneumatic tire are 
disclosed in U.S. Patent No. 5,451,959 (Schuermann; 09/95), U.S. Patent No. 5,661,651 
(Geschke, et al.; 08/97), and U.S. Patent No. 5,581,023 (Handfield, et al.; 12/96), all 
mcorporated ia their entirety by reference herein. The described transponder systems 
include interrogation units, pressure sensors and/or temperature sensors associated with the 
transponder, and various techniques for establishmg the identity of the tire/transponder in 
multiple transponder systems. In most cases, such transpomlers require battery power. 

In some instances, a transponder may be impl^ented as an integrated circuit (IQ 
chip. Typically, the IC chip and other components are mounted and/or connected to a 
substrate such as a printed circuit board (PCB). 

Some proposed systems have relatively conq>lex transponder-sensor capabilities, 
including measurement and reporting of tire rocations and speed, along with tire ID, 
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temperature, and pressure. For exan^le: USP 5,562,787 (Koch, et al.; 1996), and USP 
5,731,754 (Lee, Jr., et al.; 1998), incorporated in their entireQr by reference herein. 
TRANSPONDER ENVIRONMENTAL CONSIDERATIONS 

The environment within which a tire-mounted transponder must reliably operate, 
including duriqg manufacture aiKi in use, presents numerous challenges to the successfiil 
operation of the transducer. For example, the sensors (e.g., pressure, temperature) used 
with the transponder preferably will have an operating temperature range of up to 125**C, 
and should be able to withstand a manufacturing tenq)erature of approximately 177*^0. For 
truck tire applications, the pressure sensor must have an operating pressure range of from 
about 50 psi to about 120 psi (from about 345 kPa to about 827 kPa), and should be able to 
withstand pressure during manufacture of the tire of up to about 400 psi (about 2759 WP^). 
The accuracy, including the sum of all contributors to its inaccuracy, should be on the order 
of plus or minus 3% of fiill scale. Rq)eatability and stability of the pressure signal should 
faJl within a specified accuracy range. 

However it is inq)lemented, a tire transponder (tag) must therefore be able to operate 
reliably despite a wide range of pressures and tenq)eratures. Additionally, a tire transponder 
must be able to withstand significant mechanical shocks such as may be encountered when a 
vehicle drives over a speed hamp or a pothole. 

A device whkdi can be used to indicate if a transponder or the tire has beai e;qx>sed 
to excessive, potential^ damaging tenq)eratures is the **MTMS" device or Maximum 
T(aiq)erature Memory Switch developed by. Prof. Mehran Mehregany of Case Western 
Reserve University. It is a micro-machmed silicon device that switches to a closed state at a 
certain high-ten^rature point. The sensor switches from an "open" high resistance state 
of, for exanq)le, over 1 mega-ohm to a "closed" low resistance state of, for example, less 
than 100 ohm. 

Although it is generally well known to use pressure transducers in pneumatic tires, 
in association with electronic circuitry for transmitting pressure data, these pressure-data 
systems for tires have been plagued by difficulties inherent in the tu:e environment. Such 
difficulties inchide effectively and reliably coupling RF signals into and out of the tire, the 
rugged use the tire and electronic coiqponents are subjected to, as well as the possibility of 
deleterious effects on the tire from incorporation of the pressure transducer and electronics 
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in a die/wheel system. In the context of "passive** RF transponders which are powered by 
an external reader/interrogator, another problem is generating predictable and stable voltage 
levels within the transponder so that the circuitiy within the transpomler can perfonn to its 
design specification. 

Suitable pressure transducers for use with a tire-mounted transponder inchide: 

(a) piezoelectric transducers; 

(b) piezoresistive devices, such as are disclosed in USP 3,893,228 (George, et al.; 
1975) and in USP 4,317,216 (Gragg, Jr.; 1982); 

(c) silicon capacitive pressure transducers, such as are disclosed in USP 4,701,826 
(Mikkor; 1987), USP 5,528,452 (Ko; 1996), USP 5,706,565 (Sparks, et al.; 1998), and 
PCT/US99/16140 (Ko, et al.; filed July 7, 1999); 

(d) devices formed of a variable-conductive laminate of conductance ink; and 

(e) devices formed of a variable-conductance elastomeric conqx>sition. 
THE EFFECT OF TEMPERATURE ON GAS PRESSURE 

In a broad sense, for a mass of any gas in a state of thermal equilibrium, pressure P, 
temperature T, and volume V can readily be measured. For low enough values of the 
densi^, e)q)eriment shows that (1) for a given mass of gas held at a constant temperature, 
the pressure is inversely proportional to the vohmie (Boyle's law), and (2) for a given mass 
of gas held at a constant pressure, the volume is directly proportional to the tenq)eratuie 
(law of Charles aid Gay-Lussac). This leads to the "equation of state" of an ideal gas, or 
the "ideal gas law": 

PV=mRT 

where: 

/i is the mass of the gas in moles; and 
R is a constant associated with the gas. 

Thus, for a contamed (fixed) volume of gas, such as air contained within a 
pneumatic tire, an increase in tenq)erature (T) will manifest itself as an increase in pressure 
(P). 

Because of the ideal gas law relationship, it is recognized that in the context of 
pneumatic tires, one problem that arises during operation of tire pressure sensors of any 
kind is thai tu:es heat up as they are run for longer periods of time. When a tire heais up, air 
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which is confined within the essentially constant and closed volume of the tire expands, thus 
causing increased pressure within the tire, though the overall amount of air within the tire 
remains the same. Since the pressure nominally is different, a tire pressure sensor can 
provide different pressure readings when a tire is hot than would be the case if the tire were 
5 cold» This is why tire and veUcle manufacturers recommend that owners check their tire 
pressure when the tire is cold. Of course, with a remote tire pressure sensor, an operator 
may receive a continuous indication of tire pressure within the vehicle, but the indication 
may be inaccurate because of the tenq)erature change. Thus, it is necessary to conq)ensate 
for changes in tenq)erature of the inflating medium ("gas" or au-) within the preumatic tire. 

10 Patents dealing in one way or another with gas law effects in pneumatic tires imlude: 

USP 3,596,509 (RaffeUi; 1971), USP 4,335,283 (Migrin; 1982), USP 4,126,772 
(Pappas, et al.; 1978). USP 4,909,074 (Gerresheim, et al.; 1990), USP 5,050,110 (Rott; 
1991), USP 5,230,243 (Reinecke; 1993), USP 4,966,034 (Bock, et al.; 1990), USP 
5.140,851 (Hettrich, et al.; 1992), USP 4.567,459 (Folger, et al.; 1986), all of which are 

15 incoiporated in their entirety by reference herein. 

USP 4,893.110 (Hebert; 1990). incorporated in its entirety by reference herein, 
discloses a tire monitoring device using pressure and ten[4)erature measurraients to delect 
anomalies. As mentioned therein, a ratio of tenq^erature and pressure provides a first 
approximation of a number of moles of gas m the tire, which should remain constant barring 

20 a leak of inflation fluid from the tire, (cohmm 1, lines 18-26). More particularly, on eadh 
wheel are installed sensors (4) for pressure and sensors (6) for temperature of the tire, as 
well as elements (8 and 10) for transmitting the measured values as coded signals to a 
conqniter (12) on board the vehicle, such as disclosed in the aforementioned USP 
4,703.650. The conQ>uter processes the measured values for pressure and temperature for 

25 each tire, and estimates for the pressure/temperature ratio (P/T estimate) arc calculated for 
each wheel. Generally, the ratio for one of the tires is conq)ared with the ratio for at least 
another one of the tires, and an alarm is output when a result (N) of the comparison deviates 
from a predetermined range of values. 

TECHNIQUES FOR TRANSMITTING PRESSURE AND TEMPERATURE 
30 READINGS FROM A TIRE 

Given tiiat pressure and tenq^erature conditions within a pKumatic tire can both be 
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measured, various techniques have been proposed to transmit signals indicative of the 
measured pressure and temperature conditions to an external interrogator/receiver. For 
exanq)le, the following patents are incoiporated in their entirety by reference herein: 

- transmit the signals individually, distinguished by phase displacements: USP 
4.174,515 (Marzolf; 1979); 

- multiplex the signals: USP 5.285,189 (Nowicki. et al.; 1994). USP 5.297,424 
(Sackett; 1994); 

• encoding the signals as separate segments of a data word: USP 5.231,872 (Bowler, 
et al.; 1993), and USP 4,695,823 (Vernon; 1987) which also incorporates both the telemetry 
and the pressure and/or tenq)erature sensors on the same integrated circuit chip; 

- transmission between coils mounted on the wheel and on the vehicle: USP 
4,567.459 (Folger, et al.; 1986); 

- use a ftequency-shift key (FSK) signal: USP 5,228,337 (Shaipe, et al.; 1993); 

- backscatter-modulate the RF signal from flie interrogator with die tire condition 
parameter data from the sensors, then return the backscatter modulated signal to the 
interrogator: USP 5,731,754 (Lee, Jr., et al.; 1998). 

USP 4,703.650 (Dosjoub, et al.; 1987), mcoiporated in its entirety by reference 
herein, discloses a circuit for coduig tfie vahie of two variables measured in a tire, and a 
device for monitoring tires employing such a circuit The codmg circuit comprises an 
astable multivibrator which tiansfonns tfie measurement of die variables, for instance 
pressure and temperature, mto a time measurement. The astable multivibrator delivera a 
pulse signal whose pulse widfli is a function of the tenq)erature and the cyclic ratio of which 
is a function of the pressure. 

USP 5.054,315 (Dosjoub; 1991), incorporated in its entirety by reference herein, 
discloses a technique for coding fbc value of several quantities measured in a tire. As 
disclosed therein: 

•Codmg of d^ value of any number of quantities n^ured in a tire, for 
example its pressure and its temperature, is carried out using a ratio of time 
intervals TP/Tr, Tt/Tr. This frees the device from the effect of die time shift 
of the modulation system, the time shift affecting simultaneously the 
numerator and die denommator of said ratio. " (Abstract) 
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SUMMARY OF THE INVENTION 

According to an aspect of the invention, a radio-frequency (RF) transponder 
comprises circuitry capable of transmitting information unique to an object with which the 
transponder is associated to an external reader/interrogator. Additionally, one or more 
5 transponder sensors (transducers) provide real-time parameter measurement at the 
transducer location. These measurements are transmitted to the external 
reader/interrogator, in the form of data in a data stream, on a signal which is output by 
the transponder, such as by impressing (modulating) the data stream onto an RF signal 
transmitted by the transponder to the external reader/interrogator. 

10 According to an aspect of the invention, typically two real-time parameters are 

measured: pressure and tenq)erature. Pressure is preferably measured by a separate ("off- 
chip") pressure sensor, which is of a type that varies its capacitance value in a known way, 
such as a polynomial, or preferably as a substantially Imear function of ambient pressure. 
Preferably, the ten5)eraturc sensor is embedded ("on-chip") in the IC diip of the transponder 

15 and disposed so as to be subject to substantially the same ambient temperature as the 

pressure sensor so that a true, tenqperature-conqiensated pressure can readily be calculated. 

The RF signal transmission is typically produced by modulating the RF signal 
received by a transponder antrana system. According to an aspect of the invention, the RF 
modulation is achieved by modulating a load across tte transponder antenna systffli. 

20 According to a feature of the invention, the magnitude of the modulation load is set 

according to programmable trim settings, stored in the transponder (e.g., in an EEPROM), 
which are set to optimize the signal modulation for the individual transponder properties and 
for the expected transponder operating conditions. This programmable load comprises a 
plurality of first transistors, a corresponding plurality of second transistors, and control logic 

25 for connecting selected ones of die first and second transistors to the antenna system. The 
transistors can be selected so that the variation is acconq)lished in binary steps. 

According to a feature of the invention, a power supply and level shifters are 
connected to the modulating load, wherein voltage changes of die power supply dynamically 
vary the magnitude of the programmable load in proportion to power available in the 

30 transponder. Alternatively, the power supply and level shifters are connected to the 

programmable laad, thereby combining the dynamic aiKi the programmable load variation. 
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According to a feature of the invention, the RF signal modulation is controlled by a 
phase-shift-keyed signal, formed in a gate by logically combining a system clock signal and 
the data stream. A circuit is provided for delaying the system clock signal in order to 
synchronize the system clock signal with the data stream. The modulation signal is blocked 
5 by a power-on reset signal, ttiereby preventing any modulation of the antenna system if tte 
power derived fix)m tte RF signal received by the antenna system is too low to provide 
transponder power adequate for stable transponder operation iiK:luding RF signal 
modulation. 

Other objects, aspects, features and advantages of the invention will become 
10 apparent from the description that follows. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Reference will be made in detail to preferred embodiments of the invention, 
examples of which are illustrated in the acconpanying drawings. The drawings are intended 
to be illustrative, not limiting. Although the invention will be described in the context of 
15 these preferred embodiments, it should be understood that it is not intended to limit the spirit 
and scope of the invention to these particular embodiments. 

Certain elements in selected ones of the drawings may be illustrated not-to-scale, for 
illustrative clarity. 

Often, sfanilar elements throughout the drawings may be refened to by similar 
20 references numerals. For example, the element 199 in a figure (or embodiment) may be 
similar in many req)ects to the element 299 in an other figure (or CTibodiment). 
Such a relationshq), if any, between similar elements in difierent figures or embodiments 
will become apparent throughout the specification, mcluding, if applicable, m the claims and 
abstract. 

25 In some cases, similar elements may be referred to with similar numbers in a single 

drawing. For exanq)le, a plurality of elements 199 may be referred to as 199a, 199b, 199c, 
etc. 

The cross-sectional views, if any, presented herein may be in the form of "slices", or 
"near-sighted" cross-sectional views, omitting certain background lines which would 
30 otherwise be visible in a true cross-sectional view, for illustrative clariQr. 

The structure, (q)eration, and advantages of the present preferred ^nbodiment of the 
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invention will become further apparent upon consideration of the following description taken 
in conjunction with the accompanying drawings, wherein: 

Figure 1 is a generalized diagram of an RF transponder system comprising an 
external reader/interrogator and an RF transponder within a pneumatic tire, according to the 
prior art; 

Figure 2 is a block diagram of major components of an RF transponder, according to 
a previous model of the invention; 

Figure 3 is a schematic diagram of major portions of the RF transponder of Figure 2, 
according to a previous model of the invention; 

Figure 3 A is a schematic diagram of a portion of the RF transponder of Figure 2, 
according to a previous model of the invention; 

Figure 3B is a schematic diagram of a portion of the RF transponder of Figure 2, 
according to a previous model of the invention; 

Figure 3C is a diagram of a memory space within the RF transponder of Figure 2, 
illustrating how data may be arranged and transmitted, according to a previous model of the 
invention; 

Figure 3D is a plot of transponder readings versus transponder power for the RF 
transponder of Figure 2, according to a previous model of the invention; 

Figure 4A is a block diagram of major con^nents of an RF transponder, accordmg 
to the invention; 

Figure 4B is a diagram of a memory space within the RF transponder of Figure 4A, 
illustrating how data may be arranged and transmitted, according to the invention; 

Figure 5 is a schematic diagram of a variable modulation portion of the RF 
transponder of Figure 4A, according to the invention; and 

Figure SA is a schematic diagram of an exenq)lary circuit in a control logic portion 
of the circuit of Figure 5, according to the invention. 
DETAILED DESCRDPTION OF THE INVENTION 

As mentioned hereinabove, it is an aspect of the present invention to provide a 
system for monitoring vehicle tire pressure and warning the driver when a low tire inflation 
pressure condition occurs. 

Figure 1 illustrates an RF transponder system 100 of the prior art, comprising an RF 
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(radio frequency) transponder 102 disposed widiin (e.g., mounted to an inner surfoce of) a 
pneumatic tire 104. (An antenna, not shown, is mounted within the tire 104 and is 
connected to the transponder 102.) The transponder 102 is an electronic device, capable of 
transmitting an RF signal comprising unique identification (ID) information (e.g., its own 
serial number, or an identifying number of the object with which it is associated -in this 
example, the tire 104) as well as data indicative of a parameter measurement such as 
ambient pressure sensed by a sensor (not shown) associated with the transponder 102 to an 
external reader/interrogator 106. The external reader/interrogator 106 provides an RF 
signal for interrogating the transponder 102, and includes a wand 108 having an antenna 
110, a display panel 112 for displaying information transmitted by/from the transponder 
102, and controls (switches, buttons, knobs, etc.) 114 for a user to manipulate the functions 
of the reader/interrogator 106. Although shown as a haral-held device, the 
reader/interrogator may be an electronic unit mounted in a vehicle (not shown). The present 
invention is directed primarily to implementing an RF transponder. 

As is known, the ID and/or parameter measurement mformation may be encoded 
(impressed) m a variety of ways on the signal transmitted by the transponder 102 to the 
reader/mterrogator 106, and subsequently "de-coded" (retrieved) in the reader/interrogator 
106 for display to the user. The RF transponder 102 may be "passive" , in that it is powered 
by an RF signal gei^rated by the external reader/interrogator 106 and emitted by the 
antenna 108. Alternatively, the RF transponder 102 may be "active", m that it is battery- 
powered. Transponder systems such as the transponder system 100 described h^in are 
well known. 

Commonly-owned, copending PCT Patent Application No. PCrr/US98/07338 filed 
14 April 1998 by Pollack, Brown, Black, and Yones, iiKX>rporated in its entirety by 
reference herein, discloses a transponder, particularly a "passive" transponder which derives 
its operating power firom an external radio frequency (RF) source, and which is associated 
with a pneumatic tire for use in tire identification and transmission of pressure and/or 
tenq)erature data. 

The aforementioned patent application PCT/US98/07338 discloses a transponder 
which is a previous model (model number "3070^) of the transponder of the present 
invention. Since the present invention involves commonalities with, as well as 
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improvements upon the previous model, relevant portions of the previous model will be 
described hereinbelow, with reference to Figures 2, 3, 3A, 3B and 3C. 

Figure 2 is a block diagram of the model 3070C RF transponder 200 (compare 102). 
illustrating the major functional conqx)nents thereof. This exenq>laiy system is described as 
5 an embodiment which preferably measures pressure and temperature, but it is within the 
scope of the invention to include measurement of other parameters which employ suitable 
sensors. 

The transponder 200 is preferably implemented on a single integrated circuit QC) 
chip shown within the dashed line 202, to which are connected a nimiber of external 

10 cony>onents. Other dashed lines in the figure indicate major functional "blocks'* of the 
transponder 200, and include a transponder "core" 204 and a sensor interface 206. The 
components external to the IC chip 202 include an antenna system 210 comprising an 
antenna 212 and typically a capacitor 214 connected across the antenna 212 to form an L-C 
resonant tank circuit, an external precision resistor (Rext) 216, an external pressure-sensing 

15 capacitor (Cp) 218, and an optional external maximum ten:q)eratiire measurement switch 
(MTMS) 220. The antenna 212 may be in the form of a coil ante nna^ a loop an tenna ^ a 
dipole antenna, and the like. Alternatively, the signal output by the transponder may be 
provided on a transmission Une. For some of these antenna enibodimems (e.g. , a loop 
antenna), tiie capacitor 214 may be omitted since it would not be of benefit in tuning such an 

20 antenna system. In tbs main hereinafter, a transponder havmg a coil antenna is described. 
The pressure-sensing Qq)acitor is preferably a rugged, low temperature 
coefiHcient, sensor witii a capacitance versus pressure response having good sensitivity and 
linearity in tiie pressure range of mterest. An example is an all-silicon ''touch mode" 
capacitive pressure sensor such as are known in the art, and mentioned hereinabove. 

25 The transponder core 204 inchides interface circuitry 222 for processing an RF 

signal, such as a 125 kHz (kiloHertz) un-modulated carrier signal received by the antenna 
212, for rectifying the received RF signal, and for providing voltages for powering other 
circuits on the IC chip 202. For exanq)le, the interface circuitry provides a regulated supply 
voltage (Vdd) of 2.5 volts, and a temperature-independent bandgap voltage (Vbg) of 1.32 

30 volts. The provision of various supply and reference voltages for the transponder circuitry 
are described in greater detail hereinbelow, with reference to Figure 3B. The interface 
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circuitry 222 also provides the received RF signal, preferably at tfie input frequenqr (Fi) it is 
received, to a clock generator circuit 224 which generates clock signals in a known numner 
for controlling the timing of other circuits on the IC chip 202, as well as the ou^ut 
frequency (Fc) of a signal which is transmitted by the tranqx>nder 200 to the external 
reader/interrogator (e.g., 106). 

A timing generator/sequencer circuit 226 receives the clock pulses from the clock 
generator circuit 224 and processes (e.g., divides) the clock pulses to generate timing 
windows (Wt and Wp, described hereinbelow) for predetermmed periods of time (tj. and tp, 
respectively) during which parameter (e.g., ten^rature and pressure) measurements are 
made. The timing windows and Wp may either be of substantially equal duration or of 
unequal duration. The timing generator/sequencer circuit 226 also controls the timing aixl 
sequence of various fuiK:tions (e.g., pressure measurement and capture, tenq)erature 
measurement and capture, described in greater detail hereinbelow) performed in the sensor 
interface 206, and is preferably in5)lemented as an algorithmic state machine (ASM). 

The transponder core 204 further includes a register/counter circuit 230 which 
includes a temperature register 232 (e.g., 12-bit) and a pressure register 234 (e.g., 12-bit) 
for capturing and storing ten9)erature and pressure measurements (comits), respectively, and 
a block 236 of addressable memory (e.g., 120-bit), which includes an EEPROM array. The 
registers 232 and 234 and EEPROM array 236 are shown in a dashed line 238 representing 
a block of addressable memory on the IC chip 202. 

The registCT/counter circuit 230 also includes a multiplexer and column decoder 240, 
as well as a row decoder 242 for controlling the sequence in which signals (i.e., data) are 
output on a line 244 to a modulation cuxniit 246 which, via the inter&ce cmruitry 22 2, 
communicates selected measured tire operatipg diaracteristics in a data stream via the 
antenna system 210 to an external reader/mterrogator (e.g., 106). 

The transponder core 204 also includes a baud rate generator 248 which controls the 
rate at which modulating uiformation (e.g., the temperature or pressure measurement) is 
applied to the modulation circuit 246. The baud rate generator 248 also provides a data 
carrier clock controlling the ou^ut frequency Fc of the transponder and a data rate clock 
controlling a rate at which the data stream including measurements, calibration information, 
identification, etc. is modulated onto the transponder 200 output carrier signal. 



wo 00^70552 PCTAJS99/29827 

14 

The sensor interface 206 includes a circuit 250 for generating an output current 
I(T)/N on a line 251 which is related to a predictable characteristic voltage of a tenq)eiatuie- 
sensitive conqwnent (e.g., Vbe of a transistor Ql, described hereinbelow) which is 
superimposed on the external resistor (Rext) 216. The output current I(T)/N on the Ime 251 
5 is provided to a relaxation oscillator 252. In general terms, flie relaxation oscillator 252 
oscillates at a frequency controlled by a rate of voltage change (dV/dT) which is a function 
of the output current I(T)/N on Une 251 and of mtemal capacitances Cpxi, Cpx2 associated 
with the relaxation oscillator 252 as well as an external capacitaiK:e (Cp) 218 that can be 
switched mto the oscillator chcuit. An output signal Fosc' from the rekixation oscillator 252 

10 is provided on a line 253 which, as will be explained in greater detail hereinbelow, is 
indicative of both ambient temperature and ambient pressure. As used herein, the term 
"ambient" refers to the parameter being measured in the vicinity of the transpoiKier 200, or 
more particularly in the vicinity of the respective sensors associated with the transponder 
200. When the transponder 200, 102 is nwunted within a pneumatic tire (e.g., 104), 

15 "ambient pressure" and **ambient temperature" refer to the pressure and temperature of the 
mflation medium (e.g., au) within the tire 104. 

In q)eration, an RF signal from an external source (i.e., reader/interrogator, not 
shown, compare 106) is received by the antenna 212. This RF signal is rectified and used to 
power die RF transponder 200. Modulating information qiplied to the modulation circuit 

20 246 is used to alt^ characteristics of the antenna system 210 (e.g., inq)edance, resonant 
frequency, etc.). These alterations are sensed by the external reader/interrogator 106 and 
are decoded, providing conmiunication of temperature and pressure information hack from 
the RF transponder 200 to the external reader/mterrogator 106. 

The timmg generator/sequencer circuit 226 controls when the external pressure- 

25 sensing capacitance (Cp) 218 is inchided in the generation of a signal at frequency Fosc* 
which is output by the relaxation oscillator 252, and also controls the capturing of the 
pressure and temperature counts via the data capture circuit 254. For example, to measure 
temperature, the temperature-sensitive current I(T) passes through the internal oscillator 
capacitors (Cpxi and but the pressure-sensing capacitor (Cp) 218 is disconnected from 

30 (not included in) those capacitances. This means that the frequency Fosc' of the oscillator 
output signal seen on line 253 is a function of tenq)erature alone. When the pressure- 
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sensing capacitor (Cp) 218 is "switched in", then the output frequency Fosc* of the oscillator 
252 on the line 253 wiU, as e}q)lained in greater detail hereinbelow, be a function of both 
pressure and temperature. As described in greater detail hereinbelow, an algorithm is 
en5)loyed in die reader/interrogator 106 to extract a "pressure-only" readmg from the 
pressure-temperature measurement. 

It should be noted that references made herein to "pressure readings", "pressure 
counts", "pressure response", "pressure register" and the like generally refer to "pressure" 
as measured by this transponder technique which actually produces a hybrid pressure- 
temperature reading. When this hybrid reading has been processed to remove its 
temperature component, the reading will be referred to as a "pressure-only" reading. 

As controlled by the ti m in g generator/sequencer circuit 226, the data capture circuit 
254 directs the relaxation oscillator output signal Fosc' either to the temperature register 232 
via line 255 or to the pressure register 234 via line 257, depending upon whether 
temperature or pressure is being measured. Counters convert the oscillator frequency Fosc* 
into counts which are stored in the registers 232, 234. The timing "window" provided by 
the timing generator/sequencer circuit 226 has a known, controlled duration. As a result, 
the count remainmg in (captured by) the respective tenq)erature or pressure register (232, 
234 respectively) wten the timing window "closes" is a fimction of (proportional to) Ihe 
osciDation frequency Pose* of the relaxation oscillator 252, and therefore a function of 
tenq)erature or pressure, whichever is being measured during that timii^ window. 

The EEPROM array 236 is used to hold calibration constants that the 
reader/interrogator (e.g., 106) uses to convert tenq)erature and pressure counts (Nt and Np, 
respectively, described in greater detail hereinbelow) into temperature and pressure readings 
which can be displayed (e.g., via display 112) to a user. The EEPROM array 236 can also 
Store the ID of the transponder, calibration data for the transponder, and oflier data 
particular to the given transponder. 

Figure 3 is a more-detailed schematic diagram 300 of several of tiie con^wnents of 
the transponder 200 of Figure 2, primarily those conqwnents described hereinabove witti 
respect to the sensor interface section 206 of Figure 2. 

In this schOTiatic diagram 300, conventional circuit symbols are en[q)loyed. For 
example, lines which cross over one anotiier are not connected to one anotfier, unless there 
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is a "dot" at their junction (cross-over), in which case the lines are connected with one 
another. Conventional symbols are employed for transistors, diodes, ground connections, 
resistors, capacitors, switches, conq>arators, inverters, and logic gates (e.g., "AND", 
"NAND", "OR", "NOR"). 
5 The circuit is described m terms of a CMOS embodiment, wherein "P" followed by 

a number (e.g., "PI") indicates a PMOS (P-diannel) transistor and "N" followed by a 
number (e.g., "Nl") indicates an NMOS (N-channel) transistor. CMOS transistors are of 
the FET (field effect transistor) type, each having three "nodes" or "terminals" - namely, a 
"source" (S), a "drain" (D), and a "gate" (G) controlling the flow of current between the 

10 source aiKl the drain. In the description that follows, it will be evident that a number of the 
PMOS and NMOS transistors are "diode-connected", meaning that their drain (D) is 
connected to their gate (G). The general theory of operation of transistors, particularly 
CMOS transistors, is well-known to those having ordinary skill in the art to which the 
present invention most nearly pertains. 

15 As will be evident from the description that follows, a number of the CMOS 

transistors are connected in a "current-mirroring" configuration. The conc^t of current- 
mirroring is well known, and in its sinqslest form conq>rises two similar polarity transistors 
(e.g., two PMOS transistors) haviqg their gates connected with one another, and one of the 
pair of transistors being diode-coimected. Current-mirroring generally involves causing a 

20 current to flow tfarougji the diode-connected transistor, which results in a gate voltage on the 
diode-connected transistor required to produce that current. Generally, the gate voltage of 
the diode-connected transistor is forced to become whatever voltage is necessary to produce 
the mirrored current through that transistor. Since the diode-connected transistor, by 
definition, has no gate current, by applying the gate voltage of the diode-connected transistor 

25 to any other identically-coimected transistor, a mirrored-current will flow through the 

identically-connected transistor. Typically, the current-mirroring transistors all have the 
same physical area, in which case the mirrored current will be essentially the same as the 
current which is being mirrored. It is also known to produce a mirrored current which is 
either greater than or less than the current being mirrored by making one of the transistors 

30 physically larger or smaller (in area) than the other. When such identically-coimected 

transistors having different areas are connected in a current-mirroring configuration, their 
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scaled (larger or smaller) areas will produce correspondingly scaled (larger or smaller) 
currents. 

In the main hereinafter, the numerous coimections between the various conq[>onents 
of the circuit are clearly illustrated in the figure, and the descriptive emphasis is on the 
various functions of and interactions between the various con:q>onents of the circuit rather 
dian on reciting (ad nauseam) each and eveiy mdividual connection between the various 
components, all of which are explicitly ilhistrated in the figure. 

The antenna system 210 comprises a coil antenna 212 and an optional capacitor 214 
(connected across the antenna 212 to form an LrC resonant tank circuit) providing an 
alternating current (AC) ou^ut to a full-wave rectifier circuit 302. 

The full-wave rectifier circuit 302 (compare 222) comprises two PMOS transistors 
and two diodes, connected m a conventional manner, as shown, and ouQ>uts a full wave 
rectified direct current (DC) voltage on a line 303. A capacitor 304 is com^ted between 
the line 303 and groimd to "smooth out" (filter) variations ("ripple") in the full wave 
rectified DC voltage on die line 303. The voltage on the line 303 thus becomes a usable 
voltage for the remaming conq)onents of the transponder - in this case, a positive supply 
voltage Vcc on the line 303. 

A temperature-sensing circuit 306, corresponding approximately to the base-emitter 
voltage-to-current converter 250 of Figure 2, is connected between the line 303 (Vcc) and 
ground, and inchides four CMOS transistors labeled PI, P2, Nl and N2 and a lateral bipolar 
transistor labeled Ql, and is connected to the external resistor 216 (Rext), The transistors 
P2 and Nl are diode-connected, as illustrated. The two transistors PI and P2 are connected 
in a current-mirroring configuration, and the two transistors Nl and N2 are also connected 
in what can generally be considered to be a current-mirroring configuration. The source (S) 
of the transistor Nl is connected via the transistor Ql to groimd, and the source of the 
transistor N2 is connected via the external resistor (Rext) 216 to grouirf. 

As will become evident, the abili^ of the temperature-sensing circuit 306 to produce 
a signal (i.e., a current) that is proportional to a sensed ambient tenq)erature (e.g., within 
the tire with which the transponder is associated) is largely dependent on the characteristic 
that the base-emitter voltage of the transistor Ql is a highly predictable and rqpeatable 
function of temperature. The resistor (Rext) 216 is an external, precision, reference 
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resistor, whose value is substantially independent of tenq)erature (as contrasted with the 
temperature dependency of the transistor Ql). A suitable vahie for the resistor (Rext) 216 
is, for example, 20.5 kUohms or 455 Idlohms. 

The transistor N2 is connected between the transistor P2 and the external resistor 
216 (Rext) in a "source-follower" mode. As a voltage is in5>ressed on the gate (G) of the 
transistor N2, hs source voltage will "follow" its gate voltage (minus an inherent voltage 
drop (Vgs) between its gate and its source). 

As current flows through the transistor Nl , its gate voltage will be ofifeet by its gate- 
source voltage drop (Vgs) above the emitter voltage at the transistor Ql . Since tte 
transistors Nl and N2 are essentially identical, with the same current flowing through each 
of the two transistors Nl aixi N2, they will have identical gate-source voltage drops (Vgs). 
As a result, the voltage at tte source of the transistor N2 across the external resistor 216 
(Rext) will be essentially identical to the voltage at the emitter of the transistor Ql . Hence, 
applying Ohm's law (E=IR, or I=E/R), tte current through tte external resistor 216 (Rext) 
will equal the emitter voltage of tte transistor Ql divided by tte resistance of tte external 
resistor 216 (Rext). 

In normal operation, all of tte current flowing through tte external resistor (Rext) 
216 flows through tte source of tte transistor N2 and, consequently, through the diode- 
connected transistor P2. By a current-mirroring coimection, tte current through tte 
transistor P2 is replicated (mirrored) in die transistor PI. This ensures that tte current 
flowing through tte transistors Nl and N2 will te the same, at all times, which further telps 
to ensure that tte emitter voltage at the transistor Ql and tte voltage across tte external 
resistor (Rext) 216 are identical, mdependent of voltage and process variations. As 
mentioned teremabove, tte transistors Nl and N2 are connected in what can generally te 
considered to te a current-mirroring configuration. However, since they are not strictly 
identically connected, then- function in the circuit 306 is priiKipally for "matching" Ql and 
Rext. 

In essence, the circuit 306 ensures that tte current I(T) flowing through the external 
resistor (Rext) is predictable, and is a function of tte absolute tenq)erature (T) of the 
transistor Ql. As described in greater detail tereintelow, this temperature-dependent 
current I(T) flowing through rte external resistor (Rext) 216 is mirrored to a relaxation 
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oscillator (312, described hereinbelow) to provide a signal indicative of the temperature of 
the tnuMistor Ql to tbe extenial reader (106, Figure 1). As described in greater detail 
hereinbelow, the ou^t frequency Fosc* of the relaxation oscillator 312 will be a function of 
the absolute teniperature (T) of the transistor Ql. 

At diis pomt, it is useful to note diat it is essentially the transistor Ql that is being 
employed as the tenq)erature-sensing elment of the overall transponder circuit. The 
transponder circuit advantageously enq>loy s an inherent characteristic of such a transistor 
implemented in CMOS technology that the base-emitter voltage of the transistor Ql will 
vary by a predictable amount of -2.2 mvrc (millivolts per degree Celsius). 

It should be noted that the transponder of the present invention is described in terms 
of a "passive" device, relying on RF energy being supplied to it by an external source (106, 
Figure 1) to power up its circuitry. However, it is within the scope of this invention that the 
transponder contains its own power supply, such as in the form of a battery. In either case, 
when fu^t powering up circuitry such as described with respect to the temperature-sensmg 
circuit 306, it is important to ensure that they "ramp up" to their normal operatii^ state from 
their quiescent state in a reliable and predictable (controlled) manner. To this cod, two Imes 
305 and 307 are illustrated which are connected between the temperature-sensmg circuit 306 
and a "startup" drcuit 308. 

The startup circuit 308 (also part of the base-emitter voltage-to-current converter 250 
of Figure 2) is connected between the suK)ly voltage (Vcc) on the Inie 303 and ground, and 
serves two mam purposes: (i) to get current flowing m the temperature-sensiiig circuit 306 
when the transponder (200) first starts up ftom a powered down state; and Oi) to mirror and 
convert tte current flowing through the transistor P2 from a supply-referenced current to a 
ground-referenced current. 

Startup is mitiated by the transistor P3. The transistor P3 is febricated to have high 
channel resistance so as to function m a "weak pull-up" mode. With its gate coni^ted to 
ground, it will always be "on", and will behave essentially like a resistor having a high 
resistaiK:e (e.g., > 1 mega-ohm). 

Since, at startup, no current flows elsewhere in the circuit, the transistor P3 operates 
to pull the gate of the transistor N3 towards the supply voltage (Vcc), thereby turning the 
transistor N3 "on", which effectively connects die grounded source or transistor N3 to its 
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drain (D) which, in turn, grounds the gates of transistors PI, P2, and P4, and also grounds 
the drain of diode-connected transistor P2. This causes current to flow throug}i the 
transistor P2 of the temperature-sensing circuit 306 into the drain of the transistor N3. 
Since the transistors PI, P2 and P4 are current-mirror connected (via the "Pbias" line 3QS), 
5 the current now flowing through transistor P2 will be mirrored in the transistors PI and P4. 
As current flows through the transistor P4 into the diode-connected transistor NS, a current- 
mirroring connection between the transistors N4 and NS causes a corresponding current to 
flow through the transistor N4, thereby pulling the gate of transistor N3 to ground, thereby 
effectively shutting "ofT the flow of current through the transistor N3, 

10 However, with current now flowing through the current-mirrored transistors PI, P2 

and P4, current flowing from the transistor PI through the diode-connected transistor Nl 
into the transistor Ql forces the temperature-sensing circuit 306 to "start up" in its stable 
operating point state (rather than its zero current state). After startup, the transistor N3 
essentially "drops out" of the circuit, having performed its intended function. 

15 The transistor NS is connected in a current-mirroring configuration with the 

transistor N4 (and, as described hereinbelow, with the transistor N6). Therefore, 
essentially, with a current equivalent to the current through the external resistor (Rext) 216 
flowing through the transistor NS, the same current flows through the transistor N4, thereby 
establishing a reference voltage (Nbias) on ttie line 309. The reference voltage (Nbias) on 

20 the line 309, as well as a supply voltage (Vdd) on a line 309', are provided to a current 
scalii^ circuit 310. 

The supply voltage (Vdd) on the line 309* is provided in any suitable manner, such 
as a multiple of a bandgap voltage (Vbg) generated in a conventional manner elsewhere on 
the chip, and its magnitude (e.g., 1.32 volts) should be independent of tenq>erature, such as 
25 inherent to the sDicon process which is employed in making the chip. The provision of such 
a stable (e.g., bandgap) voltage (e.g., Vbg) and the supply voltage (e.g., Vdd) derived 
therefrom is well within the piuview of one having ordinary skill in the art to which the 
present invention most nearly pertains, and is described in greater detail hereinbelow with 
respect to Figure 3B. 

30 The current scaling circuit 310 (also part of the base-emitter voltage-to-current 

converter 250 of Figure 2) is constructed in the following exemplaiy manner. The sources 
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of the transistors P5 and P6 are connected to supply voltage Vdd. The gate of a transistor 
N6 receives the reference voltage (Nbias) on the line 309. The transistor N6 is connected in 
a current-mirroring configuration with the transistor N5 (as well as with the aforementioned 
transistor N4) and will therefore mirror the flow of current I(T) through the transistors N4 
and N5. Consequently, the flow of cunent through the diode-connected transistor P5 will 
mirror the flow of current through the transistors N4, NS and N6. 

The transistors PS and P6 are connected in a current-mirroring configuration, but are 
fabricated (using conventional CMOS fabrication techniques) such that current flowing 
through the transistor P6 is scaled up or down by a ratio (N) of the physical area of the 
transistor PS to die physical area of the transistor P6. For exanqjle, if the transistor P6 is 
smaller in size ttan the transistor PS (i.e., the transistor PS is "N" times larger in area than 
the transistor P6), then the current flowing through the transistor P6 will be commensurately 
(N times) smaller than the current flowing through the transistor PS. Thus, the "scaled" 
current flowing through the transistor P6, is labeled "ICH/N" in the figure, and is provided 
on a line 311 (compare 2S1) to a relaxation oscillator cux:uit 312 (compare 2S2). It is well 
known that the ratio of the currents between the transistors PS and P6 can readily be 
established by conventional circuit processmg techniques, such as by sinq>ly making one of 
the transistors larger than the other, or by implementing a one of the two transistors as the 
aggregate of two or more same-size transistors so that their aggregate area is larger than the 
area of the othi^ of the two transistors. 

The relaxation oscillator circuit 312 (compsa^ 252) is of fairly conventional design, 
and includes a measurement switchirig circuit 31S at the ••fix>nt end" of a set-reset circuit 314 
comprismg two phase paths 314a, 314b. This circuit 31S comprises a pair of 
conq)lementary transistors P7 and N7 competed to a charged side of a measurement 
capacitor Cpxi at the fixmt end of a one phase path (<|>1) 314a; and another pair of 
conq>lementary transistors P8 and N8 connected to a charged side of another measurement 
capacitor Crq, plus a switch 350 to add anoflier measurement capacitor Cp, all at the front 
end of another phase path ((|>2) 314b. 

Connected as ilhistrated, for a given pair of transistors (e.g., P7 aiKi N7), when then- 
common gate voltage is high (i.e., towards positive supply) their outout (e.g., to phase padi 
314a) will be grounded (connected to ground and isolated from current I(T)/N on line 311), 
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and when their common gate voltage is low, thek ou^ut will provide the cmrcnt I(T)/N 
flowing on the Ime 311 to a respective one of the phase paths (e.g.. 314a) of the relaxation 
oscillator 312. As is known for curuitiy such as the relaxation oscillator 312, when the 
common gate voltage of a one of the pairs of transistors (e.g., P7 and N7) is high, the 
common gate voltage of the other of the pairs of transistors (e.g. , P8 and N8) will be low, 
and vice-versa. In tfus manner, each phase path 314a and 314b has a duty cycle (i.e., its 
"on" time), which may be the same as or may be different than the duty cycle of the other 
phase path 314b and 314a, respectively. Thus, each pair of transistors (e.g. , P7 and NT) 
may be considered to be an ''input switch" to its respective phase path (e.g., 314a). 

Each phase path 314a and 314b of the relaxation oscillator 312 has a comparator 
316a and 316b, respectively, at its inpuu aiKi has a fixed-value capacitor Cpxi and C^, 
respectively, connected between the negative (-) input of the comparators 316a and 316b and 
ground. The capacitors Cpxi and C|:x2 have exenq)laiy capacitance values of 2-5 pf 
(picofarads) and 2-5 pf, respectively, and are preferably implemented as equal-vahied "on- 
diip" devices, such as poly-to-poly cq>acitors exhibitmg a low ten[q)eraiure coefficient (e.g., 
less than 20ppm). The positive (+) inputs (terminals) of the con[q>arators 316a and 316b are 
tied toother and are set to a reference threshold voltage Vbg, such as 1.32 volts, which is 
independent of temperature. 

A "NOR" logic gate 318a and 318b is connected at the output of each phase path 
314a and 314b, respectively, and the two NOR gates 318a and 318b are cross-connected to 
form a latching ckcuit having an ou^ut on a line 319a and 319b. The cross-connected NOR 
gates 318a and 318b are thus capablt of functioning as a flip flop, or an RS (re-set/set) latch. 

When the common gate voltage of one of die inpai switches (e.g., P7 aixi N7) is 
high, the respective capacitor (e.g., Cpxi) for that phase path (e.g., 314a) is grounded 
(shorted out, caused to be devoid of charge). Conversely, when the common gate voltage of 
one of the iqput switches (e.g., P7 and N7) is low, the scaled current I(T)/N from line 311 
is applied to (allowed to flow into) the respective capacitor (e.g., Cpxi) for that phase path 
(e.g., 314a), and the capacitor begins to charge (acquire an increasing voltage across the 
capacitor). When tte voltage across the capzciiot Cf^i/C^ reaches the comparator 
reference voltage Vbg the output of the conqiarator 316a/316b goes low and changes the 
state of the output of the latch 318a/318b on the line 319a/319b. In this manner, the 
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relaxation oscillator 312 will oscillate at a frequency Fosc determined by the rise time of the 
c^acitors and Cpxz and, importantly, by the scaled current I(T)/N being supplied to the 
capacitors Cpxi and Cpxz- With greater current I(T)/N bemg supplied, the voltages of the 
c^acitors Cpx, and Cpx2 will rise fester, crossing the threshold voltage fester, and causing 
the relaxation oscillator 312 to oscillate fester, thereby mcreasing the frequency Fosc of the 
signal on the line 319a. The signal on the line 319a is inverted by an inverter 320, as 
shown, to provide a signal of frequency Fosc* on the line 321. 

As described in greater detail hereinbelow, the oscillator 312 is controlled to run in 
two mutually-exclusive modes, a tenoperature-sensing mode (between times tO and tl) and a 
pressure-sensing mode (between times tl and t2), as controlled by the timing 
generator/sequencer 226. The frequency of the oscillator output signal Fosc (and Fosc') 
will be different in each of these two modes. 

GENERATING TEMPERATURE AND PRESSURE READINGS 

In the exenq)laiy context of the transponder 200 being associated with a pneumatic 
tire, it is priiK:ipally desirable to determine the pressure within the pneumatic tire. For 
exanq)le, a typical passenger vehicle tire may be properly mflated at about 32 psi (about 221 
kPa). Since tire inflation pressures are normally specified as "cold" pressures (pressure 
measured when the tire is not heated by operation), and smce a monitorii^ device will be 
reportingpressuresmeasuredintires wUch are most litely in use and therefore "hot", it is 
secondarily desirable to detennine the temperature of the mflation medium (e.g., air) within 
the pneumatic tire. Utilizing the ten^erature measurement, a monitoring system (e.g., 106) 
can, for example, convert the measured pressure to a "cold" pressure with smqple 
calculations based on the ideal gas law (PV = /EiRT). This "cold" pressure could be 
considered a "taq)erature-independent" pressure, which is also an indication of the mass of 
air contained by the tire. Witti refaence to die transponder 200, ttie hybrid "pressure" 
measurement it produces must be converted (by different calculations detailed hereinbelow) 
to a true pressure-only measurement before it can be used in such gas-law calculations. 

It is, for example, estimated that an approximate 10% decrease in fuel consunq)tion 
could be realized if the pneumatic tires on vehicles were operated at their specified pressure. 
Although vehicle fleet operators are typically sensitive to this issue, ami check snd adjust 
tire pressure frequentiy, die average operator of a passenger vehicle is often less inclined to 
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keep an eye on their tire pressure until, for example, the tire is visibly flattened out. In such 
cases, an LCD (liquid crystal display) readout or the like on the dashboard of a car could 
provide dynamic tire inflation information to the operator of a vehicle, the pneumatic tires of 
which are equipped with a transponder sudi as the one described herein. Of no less 
significance is the emergence of "run-flat" tires being marteted by various tire 
manufecturers. The Goodyear EMT (extended mobiUty technology) series of tires is an 
example of a "run-flat" tire, an overall puiix)se of which is to allow a driver to travel up to 
50 mUes (approximately 120 kilometers) on a deflated ("flat") tire, at "reasonable" 
operating speeds (e.g., 60 miles per hour, or 144 kilometers per hour), while maintamtng 
normal control over the vehicle. Such run-flat tires are generally well known, and do not 
form a portion of the present invention, per se. When running "flat" on a run-flat tire, it is 
particularly important that the driver be alerted to the fact that he or she is operating the 
vehicle on "borrowed time" as indicated, principally, by an indication, whether visual or 
audio (e.g. , a beep) that the tire is mdeed "flat" and needs to be repaired or i^laced at his 
or her earliest convenience (and before the run-flat mileage limit). 

By allowing the relaxation oscillator 312 to run, the frequency of its output signal 
Fosc (and Fosc') will be a function of the absolute temperature of (sensed by) the transistor 
Ql. This is true in both the tenq)erature-sensing mode and the pressure-sensing mode of 
operation. 

In the tenq)erature-sensii% mode, and in the case that the capacitance values for Cpxi 
and Cpx2 are equal, which is preferred, the relaxation oscillator 312 will have a symmetrical 
(balanced, 50%) duty cycle. In the pressure-sensing uKxie, the pressure-sensing c^acitor 
(Cp) 218 is switched by a senuconductor switch 350 across Cp^a . which changes the duty 
cycle and output frequency Fosc (and Fosc') of the relaxation oscillator 312. 

In the ten^)erature-sensing mode, only the fixed capacitors Cpxi and Cpx2 are bemg 
alternately chained (and discharged) resulting in a 50% duty cycle with a period 
proportional to ambient ten^)erature. In the pressure-sensing mode, the pressure-sensing 
capacitor (Cp) 218 is switched into phase path 314b of the oscillator 312. Thus, for a given 
temperature, for the first half of the oscillator period the phase path 314a behaves in the 
same manner as in the ten^rature-sensing mode, and for the second half of the oscillator 
period the phase path 314b behaves in a manner that is proportional to the capacitance value 
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of the fixed capacitor Cfx2 plus the capacitance value of the pressure-sensing c£q)acitor (Cp) 
218. This, in effect, slows down the oscillator and changes its duty cycle. The change m 
theduty cycle is indicative of the ratio of Cp to Cpx2. Thus, fix)m the ratio of the two 
periods (with and without Cp in the circuit, it is straightforward to calculate what the 
additional capacitance Cp is, hence the sensed pressure. As described in greater detail 
hereinbelow, the tenq)erature-dq)endency of the oscillator output m the pressure-sensing 
mode can be conq>letely eliminated, in a straightforwaid manner. 

The "slowing down" of the oscillator when the pressure-sensing capacitor (Cp) 218 is 
switched into the oscillator circuit results, inevitably, in there being relatively fewer 
oscillator output pulses (reduced output frequency) to count during a given pressure- 
measurement window (e.g., Wp) than during a similar duration ten5)erature-measurement 
window (e.g., V/y). In other words, a "slowed-down" oscillator will reduce that rate at 
which counts indicative of the parameter measurement are collected. In order to increase 
the resolution (quantity) of the counts (Np) generated during the pressure-measurement 
window (Wp), it is contenq>lated that the pressure-measurement window (Wp) can be 
uicreased in size (changed in duration) so as to allow for die capture of an ^propriate 
number ofpressure counts in the pressure register 234. This can readily be accomplished 
simply by establishii^ a larger (than otherwise) value for the tune t2 which establishes die 
end of the pressure-measurement window (Wp) in flie pressure-sensing mode (between times 
tl and t2), as controlled by the timing generator/sequencer 226. F6r exanq>le, the 
tOT5)eraturc-measurement window Wt (between times tO and tl) can be on the order of 
several ones (e.g., eight) of milliseconds, and the pressure-measurement window Wp can be 
on the order of tens or dozens (e.g., eigfity) of milliseconds. Alternatively, it is 
contemplated fliat flic scaled current 0(T)/N) flowing out of the current scaling circuit 310 to 
the relaxation oscillator 312 could be increased during the pressure-measurement wmdow 
(Wp) to increase flie fundamental firequency of the relaxation oscillator 312, tiiereby 
increasing the overaD resolution of the pressure count. This can readily be accomplished, 
for exanq)le in the case of transistor P6 being smaller in size (area) than die transistor P5, 
sinq)ly by switching in a transistor P6* (not shown) in lieu of the transistor P6, die transistor 
P6* having a larger area than the transistor P6 so tiiat the ratio of the areas of the transistors 
P5 and P6 is closer to unity (i.e., less scaled down) and the current to the relaxation 
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oscillator 312, hence its counting rate, is incteased. Such switching in of another transistor 
P6' is readily effected with a switch (not shown) conq>arable to the aforementioned switch 
350 which switches in the pressure-sensing capacitor (Cp) 218. One havmg ordinary sWU in 
the art to which the present invention most nearly pertams will readily understand how to 
ofl&et the "slowmg down" of the oscillator when the pressure-sensing capacitor (Q,) 218 is 
switched into the oscillator circuit, in light of the teachings presented herein. 
OPTIMIZING PRESSURE-RESPONSIVENESS 

Obtaining (and displaying) an accurate pressure reading being of paramount 
importance when monitoring the pressure of a pneumatic tke, certain parameters of the 
transponder ckcuit may be established to maximize its pressure-responsiveness and therefore 
improve the accuracy of the pressure reading displayed by the external reader/interrogator 
(e.g., 106). 

As described hereinabove, the transponder responds to the changing capacitance of 
the pressure sensor (Cp) 218 by changing the value of a binary 12-bit word that is 
transmitted to the external reader/interrogator 106. This binary word is the count of an 
oscillator frequency during a timing window Wp (between tl aiKl t2) established by the 
timing generator/sequencer 226. The pressure response can therefore be described as the 
diange in counts per unit change in capacitance of the pressure-sensing cs^itor (Cp) 218. 

Pressure-responsiveness (and resolution) of the transponder has been found to be 
dependent on a number of factors, each of which can be analyzed. For example, it has been 
determined that: 

(a) Increasing the pressure-measurement window Wp to make it larger than the 
tenq>eiature-measurement window W, will increase the pressure count Np (and not the 
teiiq)erature count Nj) for a given value of the pressure-sensing capacitor (Cp) 218, to make 
up for tibe relatively lower oscillator frequency which occurs during pressure measurement 
compared to temperature measurement (as detailed hereinabove). 

(b) Increasing the scaled current I(T)/N to the oscillator 312 will proportionally 
increase die pressure count Np for a given vahie of the pressure-sensing capacitor (Cp) 218. 

(c) Decreasing tte values for capacitor(s) Cpxi and/or wiU proportionally 
increase the pressure count Np for a given value of the pressure-sensing capacitor (Cp) 218. 

(d> Increasirig the scaled current I(T)/N to die oscillator will proportionally increase 
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the pressure count Np (for a given value of Cp) at a greater rate than decreasing the values 
for capacitors Cpxi ^ ^m- 

(e) Increasing the scaled current I(T)/N will increase both the pressure counts Np and 
the tenq)erature counts unless the current increase can be made to occur only during the 
pressure-measurement window Wp. 

(f) Decreasing the values for capacitor(s) Cpx, and/or will increase both the 
pressure counts Np and the temperature counts Nj even if only oi^ of the capacitors is 
changed. 

As a geMral proposition, increasing the pressure coimts Np is desirable. However, 
one having ordinary skill in the art to which the present invention most nearly pertains will 
readily appreciate that there is a practical upper limit to increasing the pressure counts at a 
frequency which may become unacceptably large for the capability of certain circuits of the 
IC chip. 

MEASURING PARAMETERS 

Figure 3 A illustrates the components involved in the final step of capturipg 
tenq)erature and pressure measurements in the transponder. The signal Fosc' output by the 
relaxation oscillator 312 is provided on line 321 (conq>are 253) to an iiq>ut of each of two 
AND gates 360 and 362 in the data capture circuit 254. A signal ("Capture Temp") is 
provided by the timing generator/sequencer 226 to the other iiqput of the AND gate 360 
during the temperature-sensiiig window (Wj.) so as to load the temperature register 232 via 
line 255 with the count Tdata," or "reading") N^ indicative of measured tenq)erature. 
Another data signal ("Qqpture Press") is provided by the timing generator/sequencer 226 to 
the other input of the AND gate 362 during the pressure-sensing window (Wp) so as to load 
the pressure register 234 with the count ("data,** or "reading") Np indicative of measured 
pressure. Each of the registers 232, 234 has a counter (not shown) associated with it to 
convert the incoming oscillating signal Fosc' to a stored count. The two counts Nj, Np are 
then shifted out of the registers 232 and 234, via the MUX 240, to the modulation circuit 
246 described hereinabove. 

When the transponder is powered up, temperature and pressure are continuously 
measfured, and these measurements are transmitted back to the external reader/interrogator 
106 as data words in a data stream. For example, each of the temperature and pressure 
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parameters can be transmitted back to the reader/interrogator 106 as 12-bit data words in 
selected (known) portions of a larger (e.g., 144-bit) data stream. One bit in the overall data 
stream may be dedicated to the state (e.g., "closed" or "open") of the MTMS switch 020, A 
con^lete description of an exraiplary data stream being transmitted by the transponder to 
5 the external reader/interrogator is set forth hereinbelow with reference to Figurc 3C. 

Temperature is suitably measured by counting the number of cycles ou^ut from the 
oscillator 312 during a fixed time period (wiiKiow of time from tO to tl) having a time 
period tj. For exan^)le, a down-counter (not shown, but associated with the tenq)erature 
register 232) may be clocked by the oscillator, such that at the end of the window Wj time 

10 period tj, a tenq)erature count Nj is generated. The relationship between temperature count 
Nj and temperature is substantially linear for the circuitry 300 of this embodiment. 

Similarly, pressure can be measured by counting the number of cycles output from 
the oscillator 312 during a fixed time period (window Wp of time from tl to t2) having a 
time period tp. For example, a down-counter (not shown, but associated with the pressure 

15 register 234) may be clocked by the oscillator, such that at the end of the window Wp time 
period tp, a temperature count Np is generated. The relationship between pressure count Np 
and pressure is a predictable function of both actual pressure and temperature for the 
circuitry 300 of this embodiment. As explained hereinbelow, by manipulating the 
tenq;)erature and ''pressure'* counts (N^ and Np) tfiis hybrid pre5sure-tenq)erature value can 

20 be used to determine a pressure-only value. 

OBTAINING A PRESSURE^NLY READING AT THE 
READER/INTERROGATOR 

The fundamental frequency of the oscillator 312 is set by parameters in the IC chip 
(e.g., 202) and, as described hereinabove, is temperature-dependent. Therefore, the 

25 pressure response Np is a function (hybrid) of both temperature and pressure, and the 

relationship of Np to Cp is nonlinear. Therefore, using a linear equation for calculating the 
pressure response would inevitably lead to significant errors over a range of pressures being 
measured. However, for limited ranges of pressures being measured, for example over a 20 
psi (138 kPa) range of pressures, using a linear equation may be acceptable. A better 

30 s^proximation might be obtained using a polynomial equation, but this would complicate die 
reader/interrogator logic, making for slower response, and would require additional 
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calibration constants. 

An important advantage of using the transponder circuitry described hereinabove is 
that the relationshq) of Nj/Np to pressure sensor capacitance Cp is linear, and requires no 
tenqperature compensation term in the equation (algorithm) used by the reader/uiterrogator 
106 to calculate pressure, thereby greatly sinq)lifymg the design of the reader/interrogator. 
(This also assumes die use of a pressure sensor (Cp) 218 which has a substantially linear 
relationship between pressure and capacitaiK:e.) This beneficial "latiometric" relationship is 
readily demonstrated by the followmg equations: 

Generally, 

count = counting window time (t) * frequency (F) 
F = 1/period 

Charging time = V * C / 1 
for a capacitor with capacitance C to be charged to a voltage V with a current I. 

Since the period of the relaxation oscillator 312 with output signal of frequency 
Fosc' is the sum of the charging times for the capacitances in the two phase paths 314a and 
314b, the above equations can be manipulated to obtain a general equation for the count 
from such a relaxation oscillator with cq)acitaiK:es Cpxi and C^, for example: 

count = t/(y*CfKi/l + V*Cp«/I) = t*I/(V*(Cpxi + Cpx2)) 
Substituting the values for the tenq^rature and pressure counts: 

Nt = (tr*I(T)/%)/(Vbg*(CFx, +Cpx2)) [EQ. A] 

Np = (tp*I(T)/np)/(Vbg*(Cpxi+Cp«+Cp)) 

where % and % are vahies for the scalmg factor N in the scaled current 
I(T)/N which could be difif^ient during the temperature and pressure measurement windows, 
respectively. 

Dividing equations to obtain N^/Np: 

N^/Np = (Vtp)nV%) * (CFxi+CRa+Cp)/(Cpx,+Cpx2) 

or 

Nt/Np = (tA)*(V%) * (1 + (Cp/(Cpx,+Cpx2)) [EQ. B] 
Smce everything to the right of the equals sign is a defined constant except for the pressure- 
sensing c^acitance Cp, it can be seen tiiat there is a linear relationship between N^p and 
Cp (and thus pressure). This means mat N^p is only a function of pressure, and is 
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insensitive to ten^)eratiune or capacitor-charging current variations. 

If none of the response optimization stq)s described hereinabove have been utilized, 
dien the equation EQ. B can be simplified since capacitors Cpxi ^ have the same 
value Cpx; the measurement windows Wy and Wp have the same time width tr = tp = t^ 
(e.g., 8.192 ms) ; and the current scalii^ factors % and Up have the same value N: 
NTyNp=l+(Cp/2*CFx) 

It can be seen from equation EQ. A that there is ahready a linear relationship between 
die temperature count Nj and the current I(T) (which is, in turn, proportional to 
temperature). 

In both of the measurement equations EQ. A and EQ. B it can be seen that linear 
relationships exist, but the slope and intercept of these equations are complex combinations 
of multiple parameters which are unique to a given transponder design, and are likely to be 
different even for each transponder of a given design due to manufacturing variances. In a 
simple embodiment of this invention, the transponder could transmit only the counts and 
Np to a reader/interrogator, and the reader/interrogator would have to use assumed average 
values for slope and intercept in order to determine tenq)erature and pressure. This could 
cause significant inaccuracy, so the preferred embodunent as described herein stores 
calibration constants in the transponder memory (e.g., 236) and transmits these calibration 
constants with fte measuranent counts and Np so that the reader/interrogator (e.g., 106) 
can accurately calculate tenqperature and pressure using linear equations 
customized/optimized for the individual transponder generatiqg the measurenie Tlie 
linear equations used in the exenoplary reader/interrogator (e.g. , 106) are of a well-known 
"point-slope" form: 

y-y, = m(x-x,) 

where: 

(x,,y,) is the defining point; and 
m is the slope. 

The slope (m) can be determined from any two points on the line: (x,,y,), (Xj.yj): 
m = (y2-yi)/(x2-x,) 

Substituting for x and y, a specific equation for the temperature response line becomes: 
NrNx,=nMT-T,) 
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Choosimg a value such as 25^C for teiiq)eratuie T, yields die equation: 

Solving for Nj yields the foUowii^ equation for the tenq)eratuie response line: 
Nt = nMT-25) + 
5 wherein the slope of the tenqTerature response line is: 

= (Nt^-Nt,)/(T2-T0 

As long as the reader/interrogator **knows- the assumed defining point tenqierature (e.g., 
ZS^'C), then it will be able to calculate a tenq)erature (T) from a received vahie of 
tenq)erature count using the calibration constants: a defining point tenq)erature count 

10 and a slope which are also transmitted to the reader/interrogator. A similar set of 

equations can be applied to determine pressure from transmitted pressure (and t»iq)erature) 
counts and pressure calibration constants. As noted hereinabove, the pressure-only reading 
is best determined from a linear equation utilizing a ratio Nj/Np (tenq)erature count divided 
by pressure count) mstead of just the pressure count Np. 

15 The calibration coiistants are determined in a calibration process which includes 

e}q)os^g each transponder to a set of controlled, known tenq)erature and pressure conditions 
and recordmg the correspondhig set of tm^ierature and pressure counts (N^ and Np) 
generated by diat transponder. Calculations on these calibration test results determine four 
calibration constants which are then stored in die transponder memory (e.g., 236). The four 

20 calibration constants are numbers representative of the slope and defining point for a linear 
response of tenq)erature versus temperature count N^, and pressure (only) versus count ratio 
N^/Np. 

GENERATING RELIABLE SUPPLY AND REFERENCE VOLTAGES 

As described hereinabove, the positive (+) iiq)uts (terminals) of the comparators 

25 316a and 316b are tied together and are set to a refereiK:e "bandgap** voltage Vbg, such as 
1.32 volts, which is indq)endent of tenqierature. As also mentioned hereinabove* tiie supply 
voltage (Vdd) on the line 309' may be provided as a multiple of the reference bandgap 
voltage (Vbg) so as to be a stable opcaxting voltage for the current scaling cucuit 310 and 
the relaxation oscillator 312. 

30 Figure 3B ilhistrates a circut 370 suitable for geiieratiiig the supply voltage ^ A 

tenq)erature-independent calculable bandgap voltage Vbg is readily derived, based on tiie 
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processiiig techniques en^loyed in fabricatiiiig the IC chip, as being inherent to the selected 
process (e.g., CMOS). This bandg^ voltage Vbg is provided to the positive (+) inpat of 
an operational an^lifier 372, competed as shown, in a feedback loop havmg gain, to 
provide supply voltage Vdd as an integral multiple of ibR bandgap voltage Vbg. 
AN EXEMPLARY DATA ITTREAM 

As mentionBd hereinabove, information (data) from the transponder is transmitted to 
the external read^/interrogator in the form of a data stream, a portion of whidi is the 
temperature count Nj, anodier portion of which is the pressure count Np, and another 
portion of whidi represrats the state (e.g., "closed** or "open") of the MTMS switch (220). 
Remaining portions of the data stream may contain information which is personalized to a 
given transponder unit such as its ID information (e.g., serial number), calibration 
constants, and the like. 

Figure 3C illustrates an exemplary architecture for information which is stored in 
memory (e.g., 238) within the transponder 200, as well as a data stream which is 
transmitted by the transponder 200 to the external reader/interrogator 106. The memory 
238 of the transponder core 204 has, for &uuiq)le, a 144-bit address space which includes 
119 (one hundred nineteen) bits of programmable memory and one address location 
dedicated to ttie state of the MTMS switch 220 - these 120 (one hundred twenty) bits of 
programnuible memory constituting the EEPROM 136 - plus two 12-bit traiperature and 
pressure registers 232 and 234, respectively. 

Each of the 119 programmable memory bits can separately be written to with any 
combination of data, including synchronization (sync) pattern information, general data, 
ent)r dieckiiig codes, and tranperature and pressure cali^ The EEPROM is 

'block writeable*, meaning that in the *write' mode, the entire 120 bits of EEPROM are 
programmed to a logical (binary) value of "T. Individual bits can be 'erased' (set to a 
logical value of "0" maply by cloddng the chip to tibe bit's physical address and placing the 
chip into the 'erase' mode). The address location is preserved. 

In this exanq)le, the first twelve data locations (000. .011 in ROW 1) are reserved for 
sync. The wxi seventy one data locations (012. .082 in ROWs 2 through 7) are for general 
information and a vahie for a data validation algorithm such as CRC (Cyclic Redundancy 
Check). The next data location (083) contains the logic level (state) of the MTMS switch 
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220. A logical value of indicates that the NfTMS switch is opca and a logical vahie of 
"0" indicates that the MTMS switch is closed. 

As mentioned hereinabove, eadi transponder unit is suitably calibrated prior to its 
installation in a tire. The next twelve data locations (084.. 095 in ROW 8) hold tmq)erature 
5 calibration (e.g. , defining point) data ("TEMP COMP"). The next twelve data locations 
(096..107 in ROW 9) hold pressure calibration (e.g., defining point) data (TRESS 
COM?"). The next twelve data locations (108..113 and 114.. 119 in ROW 10) hold 
calibration (e.g., slope) mformation for temperature and pressure, respectively. 

As counts Nt and Np for tenq)erature and pressure are generated, as described 
10 hereinabove, they are stored in ROWs 11 and 12 of the overall memory space, which 
correspond to the temperature and pressure registers 232 and 234, respectively. Various 
predetermined values can be stored to indicate error conditions such as overflow and short- 
circuit. 

OPERATING FREQUENCIES AND MODULATION 

15 The transponder of the present invention is not limited to any particular operating 

frequency. Ths choice of operating frequeiK:y will depend largely upon factors such as 
where the transponder is mounted in relationship to the object it is monitoring, die location 
of the reader/interrogator antenna (108), and relevant government regulations permitting 
(conversely, restricting) data transmissions of the type set forth herein in selected portions of 

20 the overall RF frequency spectrum. 

An example of suitable operating frequencies for operatipg the transponder in the 
United States is 60 KHz to 490 KHz. 

The transponder can be poUed (and powered) by the reader/interrogator 106 at a first 
"interrogation" frequency (H), and the data stream can be transmitted back to the 

25 reader/intmx>gator at a second "data carrier" frequency (Fc) which is, convraientiy, a whole 
number multq[)le or fraction of the mtmogating frequency. For exanq>le, Fc = Fi/2. Or, 
Fc = Fi/4. The frequency (Fc) at which the data stream is transmitted back to the 
reader/interrogator is independent of the data rate, which is established by the clock 
generator 224 and the baud rate generator 248. However, one having ordinary skill in the 

30 art to which the present invention most nearly pertains will recognize that the range of 

available baud rates will Qpically be significantiy less than the interrogation frequency (Fi). 
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The baud rate is preferably derived from the interrpgatioii finequency (Fi) of the 
reader/inleiTogator, such as a whole number firaction thereof. For exa^^)le, the baud rate 
may be set at Fi/32 (or, in the case of Fd=Fi/2, the baud rate can be set to Fc/16). 

For example, the interro^tion frequency (Fi) may be 125 KHz, and the data carrier 
5 (Fc) may be set to 62.5 KHz, or half of the interrogation frequency. 

In another exanq>le, an interrogation frequency (Fi) of 13.56 MHz has been found to 
be suitable. 

The data stream, such as the exemplary data stream described with respect to Figure 
3C is inq)ressed by the modulator circuit 246 onto the antenna 212, and transmitted to the 

10 reader/interrogator 106. It is within the scope of ibis invention that any suitable modulation 
schraie be employed, including amplitude modulation (AM), frequency modulation (FM), 
frequency shift keying (FSK), and phase shift keying (PSK). However, phase shift keyed 
(PSK) is preferred. AM modulation is not particularly well-suited to digital transmission. 
Frequency modulation schemes such as FM or FSK may be somewhat problematic with 

15 regard to propagating the data-modulated transponder output signal through the medium of a 
pneumatic tire (e.g., 104). 
RATIO VERSUS SIGNAL STRENGTH 

An added advantage of using the ratio N-i/Np for a pressure indicator accrues because 
it has been determined that the ratioed value is less sensitive to variations in coupling 

2 0 between the reader/interrogator and die transponder than either of the Nt and Np 

measuremrats taten alone. This is illustrated in Figure 3D which shows a gnq[>h 390 of 
measurement counts (on vertical axis 394) v^sus power (on horizontal axis 392). For a 
passive transponder 200 such as described in the preferred embodiment of this invention, the 
transponder power is sun)lied by the RF signal fiom the reader/interrogator (e.g., 106). If 

25 the RF coi^ling strength weakens due to transmission or reception problems including 
excessive distance or interference, tten the power in die transponder 200 circuitry may 
decrease. It has been determii^ that for power levels below a certain value PWR„ die 
relaxation oscillator 312 outputs a lower than normal frequency signal Fosc' and Uius 
reduces the temperature and pressure counts Nj and Np below what they should be for a 

30 given ten4)erature or pressure. The effect is illustrated by the downward curve on the plot 
396 of temperauire count Nt and on the plot 398 of pressure count Np as the plots extend 
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below tbe minimum power PWRp Fortuitously, the low-power effect is proportionally the 
same for boA counts , so that the ratio ^lot 399) becomes relatively steady for all 
power levels down to a minimum power PWRq needed to opmtc die transponder 200. 
Thus, by detenninmg (duripg calibration) and storing calibration data for die ratioed value 
5 of Nt/Np in the transponder, the ability to determine a pressure-only reading whidi is 
relatively insensitive to coupling variations between the reader/interrogator and the 
transponder is both sinq)lified and made more reliable. 
IMPROVEMENTS, GENERALLY 

The present invention deals with a new "RHQ™'' transponder 400 (see Figure 4A) 
10 which implements improvements to the previous model, "30700" transponder 200 

described hereinabove. A number of improvonents have been made, and new features 
incorporated, including, but not limited to: 

• Lower power consunq)tion. 

• Increased oscillator stability vs. Power or Frequency. 
15 • Increased resolution of tenq)erature and pressure counts. 

• Increased electrostatic discharge (BSD) protection to more than 2200V. 

• Increased, progranmiable modulation index (magnitude of PSK modulation q>plied to 
die RF signal). 

• Reduced number of external connection pins for programming and testing. 
20 • Increased Digital and Analog Testability. 

• Increased to 192 bits of data stream. 

• Increased to 156 bits of programmable EEPROM. 

• Programmable with the antenna (coil) attadied. 

• 6 bits of parity - 1 bit for each 4 bits of NT, NP data. 

25 • Programmably scale currents to independenUy optimize reading counts for pressurc and 
tenq)erature. 

• 3V Battery powered mode for use in '"active" implementations of the transponder 
("active tags*). 

• Power-On Reset. 

30 • Base-band data ou^t on a test pin. 
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PROBLEMS TO BE SOLVED 

In particular, there are gen^ problems with the previous transponder design 200 
described hereinabove. It is believed that in^rovements which are the subject of the presmt 
invention provide solutions for a number of these problems: 
5 • The relaxation osciUator of the previous design transponder 200 could be adju^ 

optimize the pressure and tenq)erature counts (NP and NT) for a desired pressure and 
tenq)erature range, but the adjustment could only be accomplished duriiig integrated 
cnxmit production. It is desirable to provide a way to optimize the counts NP and NT 
after integrated circuit production. 
10 • When the previous design transponder 200 is used (as a passive transponder), 

inaccurate results may be transmitted whm the transponder operates at too low a power 
inpau such as during startup, or when distant from the reader/interrogator. (For 
example, refer to Figure 3D.) In addition, the previous model would start modulating 
(''transmitting'') as soon as it received an interrogation signal of any strength, and would 
15 start the transmission at a raiKlom location in the data word. If the initial signal was 

weak (firom a distant reader/interrogator), then the voltage supplies could be insufBcknt 
to produce valid ten^>erature and pressure readings. And if modulation started before 
sufficient power levels were devel(9)ed, then the power drain of signal modulation would 
aggravate the insufficient power problms. A fiirtiier problem occurs if the relaxation 
20 oscillator does not start each measurement c^cle in a consistent, defined state. 

• The previous design transponder 200 has a fixed modulation index (magnitude of RF 
signal niodulation) which is determined during integrated circuit production. It is 
desirable to provide a way to q>timize the transponder for difTerent combinations of 
antenna Ccoil") 210 and reader/interrogator 106, and for different operating conditions. 

25 Also, certaintransponder sq>plications utilize an extenialzener clamp acro^ 

210 for better stability, but the zener can cause the previous design transponder 200 to 
be "read-lhnited*'. 

• Although the previous design transponder 200 can have certain operating 
characteristics adjusted ('^trimmed'') during manufacture (e.g., current scaling via size 

30 adjustments to transistors), these manufacturing changes are permai^nt, and not easy to 
vary from transponder to transponder. Furthermore, if trim settings were to be 
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iiiq)lemeiited in programmable memory (e.g., EEPROM), tben there would be other 
problems with accessing those settings during power-iq>, and continuously rather than 
Orough row (242) and cohmm (240) decoders. 

Other inqnovements and problem solutions may become evident in the descrqrtion to 

5 follow. 

GENERAL DESCRIPnON 

The improved RHQ™ tranqx>nder 400 (compm 200, 102) is a custom CMOS, low 
voltage Integrated Circuit CIC, or ''chip") that can measure temperature and pressure as a 
low-frequency •^passive" (RF signal-powered) transponder or as an "active" (battery- 

10 powered) measurement system. The IC provides programmable trimming that determines: 
(a) if die part is active or passive, (b) to adjust tenq)erature and pressure resolution, and (c) 
modulation index and coil clanq)ing strength (when in the passive mode). 

In the passive mode, the IC develops power from a reader/interrogator RF signal 
that is coupled to an external LC circuit across the transpoi^r antenna iiq)uts. The 

15 transponder uses the signal received to provide power and to generate an on-chip clock. 

Tht transponder sends back its memory contents to the reader by modulating the impedwct 
of the antenna, which is known as "back scattered modulation**. The reader demodulates the 
returned data to get the sensor identification C'lD*') as well as sensor data and calibration 
constants needed to interpret the data. 

20 The transponder sends a 196-bit serial phase-shift-keyed (PSK) data-stream as sixteen, 12-bit 
words. The first 12 bits are the programmable sync word, with each sync bit beipg 1.5 bits 
wide. 144 bits of EEPROM are transmitted diat are of normal bit width. Tbcl44 
bits contain the unique ED code of the transponder, die calibration constants for tenqperature 
and pressure data, and a CRC for error checking. The transponder then sends 36 bits of 

25 data: a 12-bit temperature count (NT), a 12-bit pressure count (MP), and a 12-bit word 
consisting of five unused bits as I's, 1 bit for the state of die MTMS over-tenq)erature 
sensor, and 6 bits of evra-^iarity, with one bit of parity for every four bits of NP and NT 
data. 

In the active mode, the transponder must be controlled by external hardware. The 
30 controlling hardware provides power to the IC and a clock signal via either the CLK or VB 
pads. The IC shifts out its data on the DATA pad on every Ming edge of the clock. The 
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clocks must be given at a precise clock rate so that temperature and pressure are collected 
during fixed periods of time and therefore, the hardware can optimize the clocking time per 
bit to get the highest resolution for tenq)erature and pressure. The IC can operate down to 
as low as 2.8V in active mode. 
5 As either a passive or active tag (transponder), the IC can be tested after assembly by 

applying power and talking to the ch^> via a 4-pin inter&ce. This interfece allows the user 
access to the chip's EB>ROM and allows testing the chip functions. The EEPROM data can 
be read, cleared, or programmed and the osciUator tested by directly reading the frequeiK^y. 
The chip sensor oscillator can also be tested and provides a second method for reading 

10 temperature and pressure in the active mode. 

OVERVIEW OF THE RFIQ™ TRANSPONDER CIRCUITRY 
Figure 4A is conqparable to Figure 2, and is a block diagram of a relevant portion of 
an improved RFIQ™ transponder 400 (con5)are 102, 200), illustrating the following signals, 
terminals and functional blocks (sections), and their intercomiections with one another. This 

15 exemplary syst^ is described as an embodiment which preferably measures pressure and 
tenq)erature, but it is within the scope of the invention to include measurement of other 
parameters which employ suitable sensors. 

The transponder 400 is preferably inq>lemented on a single mtegrated circuit (IQ 
chip shown within the dashed line 402 (compare 202), to which are connected a number of 

20 external conqx>nents. Other dashed lines in the figure indicate major functional "blocks" 
("sections") of the transponder 400, and inchide a block 438 (compare 238) of addressable 
memory, and a sensor interface section 406 (con^>are 206). 

The conq[)onmts external to the IC chip 402 include an antenna system 410 (conq)are 
210) conq)rising an antenna (coil) 412 and an optional capacitor 414 connected across the 

25 coil 412 to form an L-C resonant tank circuit, an external precision resistor (Rext) 416 
(con^>are 216), an external pressure-sensing aq>acitor (Cp) 418 (conq)are 218), and an 
optional external maximum tenq)erature measurement switch (MTMS) 420 (conq)are 220). 
Each external conq)onent has an q>propriately labeled connection pad as shown in Figure 
4A: VA aiKi VB for tte antenna system 410; Rext, Cp and MTMS for the high side of die 

30 precision resistor 416, the pressure-sensing cspaciiov 418, and the maximum tenqierature 
measurement switdi 420, respectively. The ground connection for die analog external 
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conqx>i]ents Rext, Cp, and MTMS should be made via die analog ground AGND pad. The 
otbsr ground pad (GND) is for the ground connection of external digital connections. The 
remaining connection pads are for use in active or test modes of transponder 400 operation 
as described hereinbelow. 

The antenna 412 may be in the fonn of a coil antenna, a loop antenna, a dipole 
antoona, and die like. It is mainly used when the transponder 400 is in the passive mode. 
Alt^natively, when the transponder 400 is in the active mode, the antenna system 410 may 
not be present, and the signal output by the transponder 400 may be provided via direct 
connection to a DATA pad. In the main hereinafter, a transponder havmg a coil antrana, 
and used in the passive mode is described. 

The transponder IC 402 includes interface circuitry 422 (conq)are 222) for 
processing an RF signal, such as an un-modulated carrier signal of firequency Fi (e.g., 125 
kHz) received by the antenna 412, and for rectifying the received RF signal so that it can be 
used to power the transponder 400 operating in passive mode. The signal processing 
includes passing on a suitable form of the incoming signal to be used for generating 
timing/clock pulses for the transponder 400, and also includes applying modulation to the 
carrier signal for transmission by the antenna system 410. 

The rectified carrier signal is clanqied to a maximum of aj^roximately 13.0 volts to 
prevCTt breakdown of the IC 402 substrate. The clanqped, rectified signal has a voltage Wpp 
whichcanbereadata VPP pad, and ranges fix)mO- 13 volts. The Vpp voltage is then 
shunt-regulated to a maximum of 6.5 volts, and designated as supply voltage (or "iqxit 
voltage") Vxx which can be read at a VXX pad. The Vxx voltage level follows the Vpp 
voltage, and is about 6.2 volts for a Q^ical received RF signal. Voltage Vxx is regulated to 
prevent voltages high enough to pot^itially damage CMOS circuitry in the IC 402. 

The voltage Vxx is provided to a power-on reset ffOR) circuit 482 (which is new to 
this model transponder), and also to a regulation and bandgap reference ckcuit 423 
(conq)are 222) for providing various voltage sq>plies to the circuitry on the IC chip 402. 

The power-on reset circuit 482 is provided to ensure that the transponder 400 will 
not begin to record sensor readings or to transmit data until enough power is being supplied 
by the received carrier signal to allow proper functioning of the transpoiKier 4(X). The FOR 
circuit 482 evaluates the voltage Vxx level and ou^uts a reset signal which is not released 
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until the Vxx voltage is deemed sufficient. If desired, such as for test purposes, the reset 
signal can be inqxised fix>m outside the chip 402 through an RES connection pad. 

In the passive mode, as long as the siq>ply voltage Vxx is sufficient (at least 4 volts 
as detemuned by the POR ckcuit 482), the regulation and bandgap reference cucuitiy 423 
will regulate voltage Vxx to provide a regulated analog siqpply voltage Vcc of approximately 
3 volts, witfi an operating range of 2.8 V (minimum voltage for a stable oscillator 452) to 
approximately 3.5 V. The digital supply voltage Vdd is regulated by a source follower 
connected to voltage Vcc and can supply current independently of voltage Vcc (conqiare 
with previous mediod as in Figure 3B, described hereinabove). Voltage Vdd is typically 
about one threshold below Vcc, or approximately 2.5 volts, ranging from 1.2 V (minimum 
voltage for stable logic and memory operation) to approximately 3.5 V, and supplies both 
the digital logic and the EEPROM (memory) array 436 during reading. During transponder 
programming, voltages Vcc and Vdd are not afiected by applying power to pad VPP. The 
voltages Vcc and Vdd can be read externally via their correspondingly-named connection 
pads (VCC and VDD). Also, in active (battery-powered) mode, the regulators can be 
overridden by applying external power to the VCC aiKl VDD pads. Finally, for circuits 
which need a stable reference voltage, the regulation and bandgap reference circuit 423 
provides a tBmperature-indq)endent bandgap voltage Vbg. The reference voltage Vbg is 
also independent of the dap supply voltage Vxx as long as the voltage Vxx is above a 
minimum qpcratii^ level. The regulation and bandgs^ reference circuit 423 will output a 
substantially te]iq)erature-indq)endent voltage Vbg of approximately 1.20 volts over a 
transponder (^)eratipg temperature range of, for exanqple, -40 to 150 degrees C. The 
bandgap voltage Vbg is used as a reference voltage by the Vxx, Vcc and Vdd regulators 423 
as well as the relaxation oscillator 452 and the power*on reset circuit 482. 

The inter&ce and rectification circuitry 422 also provides the received RF signal, 
preferably at the ii^ut frequency (Fi) it is received, to a timing and clock generator circuit 
424 (compare 224, 226) which generates clock signals in a known manner for controlling 
the timing of other circuits on the IC chip 402. The generated clock signal is a 50% duty 
cycle square wave, preferably at frequency Fi, and is independent of any modulation applied 
to the antenna system 410 by the transponder 400 for the transponder's PSK transmission. 
The timing and clock generator circuit 424 also divides down die system clock to develop 
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tuning for addressing of the data in the addressable memory 438, and for tbe modulation. 
For example, the system clock frequency Fi is divided by two to detmnine the frequracy of 
ttiePSK modulated return carrier signal. Other divisions of tfae frequency Fi are used for 
detmnining the baud rate for data transmission. In active or test modes of operation, the 
5 tinung and clock generator circuitiy can be bypassed or used as a buffer for direct iiqmt of 
the clock signal via a CLK pad or die VB antenna pad. 

From the thning and clock generator 424 the various clock signals are passed to 
several control logic circuits: the colunm decoder 440 (compare 240), the colunm to data 
converter 441, and the row decoder & N^, Np control 442 (conq)are 242) which control 

10 access to data stored in the addressable memory 438. The clock signals are also used by the 
row decoder & Nj, Np control 442 to control the timing of the relaxation oscillator 452 and 
the data capture circuitry 454, which generate and store the temperature Ny and pressure Np 
readings (counts) in the tenq)erature register 432 aiMi pressure register 434. Thus the row 
decoder & Nj, Np control 442 functions as a ^'timing generator** secondary to the timing and 

15 clock generator 424. 

The addressable memory block 438 includes an EEPROM array 436 (conq)are 236) 
and several hardware registers 432, 434, and 435 (conq>are 232 and 234). The EEPROM 
436 is programmed with a variety of stored information which will be described in detail 
hereinbelow. 

20 The last two rows of the EEPROM (e.g., rows 14 and 15) constitute a trinunmg bits 

section 436b which is programmed to store trimmii^ information. The trimming 
information: (a) controls the scaling of the current (in the base^emitter voltage to currmt 
converter 450) suiqplied to die relaxation oscillator 452 to optimize tbe pressure and 
tenq)erature count resohition, (b) sets the modulation index in the modulation circuit 446 to 

25 optimize signal transmission for a given antenna system 410 and for a given transponder 
application, (c) sets die mode of operation (active or passive), and (d) optimizes the 
iaq)edance of a clamp on die voltage Vpp across die rectification circuit 422. Utilizing the 
trimming lines 485, the trimming information stored in tte trinuning bits 436b can be 
direcUy read by the circuits it affects (e.g., 450, 446, 484, 422, 482) at any time during 

30 transponder operation (active or passive). Alternatively, as in certain test and programming 
modes, die trimming bits 436b can be accessed for external reading and writing 
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(pTograiDinmg) along with the rcst of the EEPROM 436 memoiy via the DATA connection 
pad, as controlled by die test logic circuitry 484, and communicated by a tran^nder data 
line 444 through tte column to data converter 441. 

As described hereinabove with reference to the previous model transponder 200, die 
5 tenQ)erature and pressure registers (432 and 434 respectively) are each a hardware register 
holding the count (e.g., 12 bit) of a down-counter which is clocked by die sensor data signal 
of fiequency Fosc' coming from the sensor interface section 406. 

The parity, MTMS 435 section of memory is also new to this model of tran^nder 
4CX). It is iiiq)lemented as a register in hardware widi, for exanq>le, 12 bits of stored data. 

10 Five bits are permanently set (value = 1), then there is a bit which sets/clears according to 
the open/closed (1/0) status of die MTMS switch (closes if exposed to excessive 
tenq)erature), and finally six bits registering the parity of the pressure and temperature 
counts: three parity bits for the pressure register 434 count Np, and then three parity bits for 
the temperature register 432 count Nj. The parity bits are continuously updated during 

15 sensor data capture, following the changing counts in the Np and N-p down-counters (the 
pressure 434 and ten^rature 432 registers, respectively). Each parity bit represents the 
parity of 4 sequential bits (a ""nibble") in the correspondmg pressure 434 or temperature 432 
register; with the most significant parity bit representing the most significant nibble of the 
count, the middle parity bit for the middle nibble of the count, and the least significant parity 

20 bit for the least significant nibble of the count. 

The sensor interface portion 406 (conq>aie 206) of the transponder chip 402 consists 
of die base-emitter voltage to current converter 450 (conq>are 250) widi connection pad 
""Rext"; die relaxation oscillator 452 (conqsare 252) widi connection pad ""Cp"; die data 
captatc circuitry 454 (compare 254); and die ''MTMS'' connection pad and line 459 

2 5 connecting it to die MTMS bit m die parity, MTMS register 435 (conqiare 236 for die 
previous location of die MTMS bit). 

The base-emitter voltage to current converter 450 functions in a similar way to die 
converter 250 which is described in greater detail hereinabove with reference to sections 306 
to 310 of Figure 3. For improved performance, the circuitry of sections 306, 308 and 310 

30 in the new base-emitter voltage to current converter 450 utilizes cascodes instead of single 
stage current mirrors (e.g., for transistors PI, P2, P4, P6), and the external resistor Rext 
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416 may have a different preferred resistance value, sudi as 500 kHohms. Cascodes are 
desirable because of their increased power svppiy rejection ration (PSRR). Also, in a 
feature to be described more fully hereinbelow wiA reference to Figure 5, the final stage 
SIO (conq>are 310) of ttie base-emitter voltage to current converter 450 is connected m a 
5 different way to section 308, and works in conjunction with programmed settings in die 
trimming bits register 436b to provide a scaled proportional-to-temperature current I(T)B on 
the line 451, 511 (con^are current I(T)/N on line 251, 311) to tl» relaxation oscillator 
curuitiy 452 (conq)are 252). In contrast with the previous design, the current scaling circuit 
510 (conqiare 310) can scale the current I(T) by a variable scaling fector "B", as determined 

10 by programmed settings in tfie trimming bits register 436b. 

The relaxation oscillator 452, under the timing control of the row decoder & Nt, Np 
control circuit 442, works in conjunction with tte external c^acitive pressure sensor Cp 
418 to generate a signal on line 453 (compare 253) with frequency Fosc' which is indicative 
of either the ambient tenq)erati]re or the ambient pressure, depeiuling on the timing window 

15 determined by the row decoder & N-r, Np control circuit 442. The data capture circuitry 
454, under the ihaing control of the row decoder & N^, Np control circuit 442, dhects the 
Pose' signal to the qypropriate hardware register (depending on the timing window): to Ae 
temperature register 432 via line 455, or to the pressure register 434 via line 457. 

The current scaling ckcuit 510 (paxt of the base-emitter voltage to current converter 

20 450) and the relaxation oscillator 452 have inqirovanents conq)ared to die relaxation 

oscillator 252, and the MTMS 420 status is directed to a different memory location (register 
435) dian in die previous implementation (EEPROM 236). Otherwise, the sensor interfece 
section 406 functions essentially the same as the corresponding section 206 in the previous 
model 3070C transponder 200. 

25 As described hereinabove with reference to the previous model transponder 2(X), the 

term "ambient" refers to the paran^ter being measured in the vicinity of the transponder 
4O0, or more particularly in the vicinity of the respective sensors associated with die 
transponder 4(X). Also, references made h^in to '^pressure readings'*, "pressure coimts", 
"pressure response", "pressure register" and the like generally refer to "pressure" as 

30 measured by this transpoiKler technique which actually produces a hybrid pressure- 
tenq)erature readiiig. When this hybrid reading has been processed to remove its 
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tenqieratuie ccm^Kiiient, the reading is referred to as a '"pressure-only" reading. 

In conjunction with tfie cohmm decoder 440 and the row decoder 442, the cohmm to 
data converter 441 controls the sequence in which signals (i.e., data) are output on a line 
444 (conqpare 244) to a modulation circuit 446 (conqiare 246) which, via the interface and 
5 rectification circuitry 422 (compare 222), communicates selected measured tire operating 
characteristics in a data stream via die antenna system 410 to an external reader/interrogator 
(e.g., 106). Tte line 444 also communicates die data stream to the test logic circuit 484 
where it can be directly accessed via the DATA connection pad . 

The modulation circuit 446 converts the data stream from line 444 to a representative 

10 sequence of inapedmcc changes (modulations) which are applied to the antenna system 410 
through the inter£ace and rectification circuit 422. A new feature of the transponder 400 of 
the present invention is the ability to modify the modulation index (magnitude of 
modulation) to suit operating power levels and to select (via the trimming bits 436b) a 
modulation index optimized for the individual transponder 400, antenna system 410, and 

15 reader/interrogator 106 in use. 

In passive mode operation, an RF carrier signal fix)m an external soiuxe (e.g., a 
reader/interrogator 106) is received by the antenna 412. This RF signal is rectified and used 
to power die RFtraiiq>onder 400 as weU as providing the tiniing/clock signals. Modulating 
information sqjplied by die modulation cbcuit 446 is used to alter characteristics (e.g., 

20 inq)edance, resonant fiequenqr, etc.) of the LC tank ckcuit of the antenna system 410. 

These alterations are sensed as changes in load by die external reader/interrogator 106 and 
are decoded, providing communication of data back from the RF transponder 400 to the 
external reader/interrogator 106. Because the transponder 400 passive power is derived 
from the received RF signal, and because modulation of that signal drains off some of diat 

25 power, die FOR cucuit 482 maintains a reset signal during passive power-up, and will not 
clear the reset signal (thereby allowing modulation), until the transponder power levels are 
high eiKiugh to assure stable operation of the transponder 400 during modulation. 

The test logic circuit 484 enables tests ttiat can be performed at all phases of 
transponder production and use, including wafer sort, initial board assembly level 

30 programming, programming at the pre-calibration stage, calibration and trimming of the 
transponder, and post-calibration programmu^ to adjust the trimming bits 436b for 
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eKapsulation-mduced ofiiset error. 

More detailed e}q)lanatioi]s of significant portions of tbe RFIQ™ transponder 400 of 
this invention are presented in the following sections. 

MEMORY ASSIGNMENTS AND THE DATA STREAM 
5 The addressable memory block 438 is organized in a way whidi provides a data 

stream that is inq>roved over tiiat of tiie previous model 3070C transpond^ 200. The 
column decoder 440, the column to data converter 441, and fbe row decoder &Nt, Np 
control cuxuit 442 work together to control the flow of data in and out of the addressable 
memory block 438. Wten operating in tfie active or passive modes (i.e., not in a test or 

10 programming mode), the circuits 440, 441 and 442 access the memory locations one at a 

time in sequence from the first address to the last (most significant bit to the least significant 
bit in each data "word" , with words sequenced from the lowest numbered word to the 
highest), thereby producing a serial string of data for transmission. It will be seen from the 
following description that the rows to be included in the data stream are selected according 

15 to the mode of operation (i.e., passive/active, or a variety of test and programming modes). 
An added fumrtion of the row decoder & N^, Np control circuit 442 is to control the sensor 
interface circuitry 406 (via line 487) so that it is accumulating temperature-related counts in 
the tenq)erature register 432 during one portion of the data transmission (e.g., while 
transmitting words/rows 2 through 6), and pressure-related counts in the pressure register 

20 434 daring anotiier portion of the data transmission (e.g., while transmitting words/rows 9 
through 13), both accumulations to be completed in time for the counts to be read back out 
of die registers 432 and 434 when tiieir part of the data stream is due (e.g., words 14 and IS 
). 

Figure 4B (conqiare Figure 3C) is a ''map" of the addressable memory block 438, 
25 showing its physical organization (by ''rows") and also showing the organization of the 
active or passive mode data stream (by "words"). In the preferred onbodunent of 
transponder 400 described herem, each word or row is 12 bits (or columns) in length, and 
there are 16 words in the data stream, comprising a total of 192 bits (12 tin^ 16). The 
drawing of the memory block 438 in Figure 4A is helpful in uirierstanding the physical 
30 organization. It should be noted that the rows 1 to 13 of physical memory (EEPROM 436) 
correspond to the words 1 to 13 of the data stream, but the rows 14 and IS of physical 
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memoiy (EEPROM 436) are not part of the data stream. Instead, die tmq)erature register 
432 is read out as word 14, and die pressure register 434 is read out as word 15 of the data 
stream. The final word of the data stream, word 16, is read out of a hardware register of 
physical memoiy (die parity, MTMS register 435). 
5 The EEPROM 436 portion of die exemplary addressable memory block 438 

conq>rises 180 cells arranged in a 12 column by 15 row array. Each cell is made iqi of at 
least one n-channel select gate and one corresponding EEPROM transistor. The first 13 
rows (sync, LD., calibration, CRC 436a) are readable in the normal read modes whether the 
transponder 400 is programmed to be active or passive. The EEPROM mraiory locations in 

10 these first 13 rows are selected in the usual way, widi one n-channel transistor row selection 
gate per EEPROM transistor. The EEPROM cells at rows 14 and 15 (trimming bits 436b) 
hold the data for 12 bits of trimming information, aid are configured differently to facilitate 
their special role in the transponder. Each trimming bits 436b EEPROM cell has two gates 
instead of one, adding a special READ TRIM selection gate in series with the row selection 

15 gate so that the trimming bits 436b cannot be added to the data stream unless the 

READ_TRIM selection gate has been enabled as in certain test modes of transponder 
operation. Another feature of the special trimming bits 436b register is that each trimming 
bits 436b cell also has an added sensing line to communicate the EEPROM bit setting 
(programmed trimming information) to appropriate sections of die transponder 400 circuitry 

20 as needed. 

Thus the EEPROM 436 and associated logic are structured so ttiat: The trimming 
bits 436b data can be read externally by a '"READ TRIM" test mode which reads out the 
bits sequentially as words 14 and 15 in die data stream in place of the tenqperature and 
pressure counts. In a ''READ*' test mode, as in normal operation, the trim bits are not seen 

25 in the data stream, but are still accessed by sense anqilifiers to communicate programmed 
trim settings to sqipropriate sections of the transponder 400. In a "WRITE* test mode, all 
the EEPROM 436 cells (including tte trim bits 436b) are addressed smmltaneously and are 
written to. This in effect writes 'I's to all tte EEPROM cells, giving tbem high thresholds. 
In an ''ERASE" test mode, individual cells can be erased (programmed to '0', given a low, 

30 negative, threshold): as the clock CLK signal indexes through tte EEPROM cell array, a 
cell at the intersection of the colimm addressed and the row addressed is erased by raising 
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the voltage on tte VPP pad to the programmmg voltage and enaMing the erasure by raisiqg 
the DATA pad high. 

Referriiig to figure 4B, the map illustrates an exenq>laiy organization wherein the 
first twelve data locations (bits 000. .011 in row 1) aie reserved for synchronization ("sync") 
5 data. The next forty-eigjit data locations (bits 012. .059 m rows 2 through S) are for general 
information identifying die individual transponder 4(X). As n^ntioned hereinabove, each 
transponder unit is suitably calibrated prior to its installation in a tire. The next twenty-four 
data locations (bits 060. .083 in rows 6 through 7) hold temperature calibration data (e.g., a 
definii^ pomt and a slope). The next twoity-four data locations (bits 084.. 107 m rows 8 

10 dirough 9) hold pressure calibration data (e.g., a defining poiiitaiid a slope). The next 
thhty-six data locations (bits 108.. 143 in rows 10 dirough 12) hold additional identifying 
information coiK^erning the IC chip 402. The next twelve data locations (in row 13) hold 
four bits of identifying information about die chip calibration (bits 144. . 147), and an eight 
bit vahie (bits 148.. 155) for a data validation algorithm such as CRC (Cyclic Redundancy 

15 Check). The next two words in the data stream (words 14. . 15, bits 156.. 179) are read ftom 
the ten5)erature register 432 and the pressure register 434, respectively. Tte final word of 
. the data stream (word 16, bits 180.. 191) is read from the parity, MTMS register 435, which 
contains five ''open" bits (bits 180.. 184), then one bit (bit 185) containing the logic level 
(state) of die MTMS switch 420, and finally six bits (bits 186.. 191) contamii^ 3 bits each 

20 fortfaeparityof die pressure count foUowed by die parity of the temperature coimt. The 
five open bits are unused, and are fixed as logical ''I'* values. 

The column decoder 440, column to data converter 441, and row decoder & Nj, Np 
control 442 circuits coordinate addressing and access to die addressable memory block 438. 
The cohmm decoder 440 consists of a four-bit synchronous counter that addresses a 

25 l-of-12 decoder. The outputs from the column decocter 440 address the 12 columns of the 
memcxry array during prpgrammiiig and reading. To address a column, the address 
n-channel device routes a low power current-source to charge the address If a bit 

is written to, die cohmm will be pulled high, but if erased, the column will be pulled low. 
The ou^ut of the current-source is buffered and drives a transponder data line 444 that goes 

30 through the column to data converter 441 to the modulation 446 and test logic 484 circuits. 
The columns are sequentially addressed fix)m column 1 to colunm 12 at the rate of a timing 
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logic clock signal provided either by the timing and clock generator 424. or externally via 
the CLK pad. After addressing cohmm 12, the column decoder 440 triggers the row 
decoder & Nt» Np control 442 to clock it to the next row and also cycles itself back to 
column 1. Whenever a reset signal (turned on, then off) is received from the power-on reset 
5 circuit 482 (or via the RES pad), the cohmm decoder 440 and the row decoder &^^^ 

control 442 will reset their addressii^ sequence to start at column 1 of row 1, i.e., the first 
bit or cell in the addressable memory block 438. The cohman decoder 440 serially addresses 
flie EEPROM 436 array in any of the reading modes of operation or during erasing. In the 
WRITE test mode it has no effect, since the entire EEPROM memory is snnultaneously 

10 addressed for the WRITE operation. 

The row decoder & Nj, Np control 442 is a 4-bit synchronous counter that addresses 
a l-of-16 decoder. The decoder addresses 13 rows of EEPROM data memory 436a firom 
rows 1 though 13. In the WRITE, ERASE, and READ TRIM test modes, it also addresses 
rows 14 and 15 of the EEPROM memory 436b for the trimming bits. During normal 

15 reading (active or passive mode), the decoder addresses the tenq)erature 432 and pressure 
434 hardware registers at row addresses 14 and 15, respectively. Regardless of operating 
mode, the row-16 address is directed to a special data row: the parity, MTMS 435 hardware 
register. In the READ and ERASE test modes each row is addressed sequentially on the 
falling edge of the last bit of the cohmon decoder 440. In the passive or active mode, a reset 

20 signal sets the row decoder & N^, Np control 442 to row 1, which is the sync word. In tfie 
WRITE mode, all ib& rows are simultaneously addressed, which pulls all select lines and 
control gates to voltage Vpp. As mentioned hereinabove, an added function of the row 
decoder & N^, Np control circuit 442 is to control the sensor interface circuitry 406 so that it 
is accumulating tenq>erature-related counts in the temperature register 432 and piessure- 

25 related counts in Ae pressure register 434 during their designated time pmods (data 
collection windows). 

VARIABLE MODULATION INDEX 

As described hereinabove, in passive mode operation, when a reset signal from the 
power-on reset circuit 482 has been released, the modulation circuit 446 converts the data 
30 stream from line 444 to a representative sequence of impedsmce changes (modulations) 
which are applied to the antenna system 410 through the interface and rectification circuit 
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422. A feature of the transponder 400 of the present invention is the ability to dynamically 
modify the modulation index (magnitude of modulation) in response to operating power 
levels, and to programmably select (via the trimming bits 436b) a modulation mdex 
optimized for the individual transponder 400, antenna system 410, and reader/interrogator 
5 106inuse« 

In passive mode operation, an RF carrfer signal fix>m an extmial source (e.g., a 
reader/interrogator 106) is received by the antenna 412. This RF signal is rectified and used 
to power the RF transponder 400 as well as providing the basis for the timing/clock signals. 
The modulation circuit 446 uxqx)ses the data stream onto tbt incoming RF carrier signal by 

10 altering the impedance load on the LC tank circuit 412/414 of the antenna system 410. 

During transmission by the external reader/interrogator 106 to a transponder 400 which is 
within a suitable range, the reader/interrogator antenna 110 is coupled to the transponder 
antenna system 410. Becaiise of this coupling, the alterations in load inq)osed on the 
transponder antenna system 410 are sensed by the external reader/interrogator 106 as 

15 changes in its own antenna 110 loading and are decoded, providing communication (i.e., 

**transmission**) of data back from the RF transpoiKler 400 to the external reader/interrogator 
106. This is known as ''back-scattered modulation. ** The modulation pattern preferably 
used is a phase-shift keyed (PSK) technique, wherein fbt nK)dulation causes a periodic 
variation in die anqilitude of ihe carrier signal and a change in the phase of that periodic 

20 variation signifies a bit-value change in the data stream. The sync word at the bpgiimmg of 
the data stream enq>loys known methods to correlate the modulation phase with logical state 
of the bits to follow. In order to acc(Hq>lish the amplitude modulation, the low fiiequen^ 
square-wave data stream is combined widi a higher firequmcy (e.g., 16 times higlier) 
waveform to create a PSK_MOD waveform which has a 180 degree phase shift in the 

2 5 PSK_M OD square-wave for every change of logic state in the data stream . 

The an[q>litude variation in the modulated signal is implemented by modulating 
(switching in and out) a modulation load between the antenna system 410 iiq>uts at pads 
VA/VB and ground. A feature of this invention is that the modulation load (modulated 
load) can be programmably varied in a binary fashion via the settings programmed into the 

30 bits 0..3 of the trimming bits register 436b. For exanq>le, ignoring the non-loaded (infinite 
inq)edance) case, the trim bit settings can vary the impedance of the modulated load from a 
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highest impedance (mimmum load) of approximately lOK down to a lowest hqpedance 
(maximum load) of sq>proximately 667 ohms (one fifteenth of the maximum inqiedance). 
Another feature of this mvention is that the modulated load appUed to the antenna system 
410 is dynamically varied during operation by the voltage Vxx such that at a low voltage 
5 Vxx (such as results tiom being distant fixnn the reader/mterrogator 106) the modulated load 
seen by the antenna system 410 is low (high impedance), but increases as die transponder 
4(X) is brougiht into die near field of the reader/interrpgator 106. Smce a transponder 4(K) in 
passive mode derives its operating power bom the RF power seen at die antenna Systran 
410, this feature prevents die modulation fix>m draining off too much of the energy needed 

10 to power the transponder when it is at far distances fit>m the reader/interrogator 106. Also, 
in some situations a Zener diode may be desired as an external clanqiing device across the 
antenna system 410, 710 in order to dissipate excessive power when high power 
reader/interrogators are used. If so, then the dynamically-varied modulation feature helps 
compensate for tl^ read-limiting effect of the Zener diode. 

15 The magnitude of anq>litude modulation imposed by the transponder modulation 

circuit 446 can be expressed as a "Modulation Index," or "Percent Modulation," which is 
calculated as foUows: 

Modulation Index = 100 * (VPj - VP,) / (VPj + VP,) 
where VP2 is the peak voltage of the un-modulated waveform, and VP, is the peak voltage 

20 of the loaded-down peaks in the modulated waveform. The resultant Modulation Index can 
be seen as a percentage representative of the amount of reduction in the KF signal energy 
inq[)osed by the increased load during modulation. 

Figure 5 illustrates a modulator 700 in a detafled schematic represmtation of die 
modulation circuit 446 (compsace 246), which inqilements the variable modulation index of 

25 this invmtion. A cqmcitor 714 (conqiare 414, 214) is connected across an antenna coil 712 
(conqiare 412, 212) to form an L-C resonant tank cucuit which is the antenna system 710 
(compare 410, 210). The antenna system 710 is connected to die transponder chq[> 402 via 
connection pads VA and VB, which are accessed both by tte interface & rectification 
module 422 and the on-chq) portion 446 of the modulator circuitry 700. 

30 The antenna system 710 is driven by a modulation load conq)rising one or more of 

the ou^mt stage transistors Ml. .M4 and one or more of the ouq^iut stage transistors 
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MS..M8. The output stage transistors M1..M8 are "low-doped drain** transistors in order to 
best handle the potentially high voltages generated on the antenna system. Since die 
interface & rectification module 422 is performing a full-wave rectification of the signal 
received on die antenna system 710» the two terminals VA and VB of the antenna system 
5 710 are separately modulated to achieve symnietric modulation effects. The ouq[n]t stage 
transistors M1..M8 have a range of physical sizes, ej^ressed as a ''width*' by a **length" (W 
X L). For exanq>le: transistors Ml and MS are 8(Hun x 8pm ("pm" units are micro-meters, 
or microns); M2 and M6 are 40pm x 8pm; M3 and M7 are 20pm x 8pm; M4 and M8 are 
10pm X 8pm. As an alternative to mami^turing differently sized transistors, each of tte 

10 transistors Ml. .M8 could be made up of one or more transistors in parallel, with physical 
areas which add up to the desired total physical area (e.g., transistor Ml could comprise 
eight 10pm x 8pm transistors in paraUel). The output stage transistor M1..M8 physical 
sizes are chosen to yield loads in binary steps from one output stage transistor to the next, 
within each set oftransistors Ml.. M4/MS..M8 for an antenna terminal VAA^. It is known 

15 that the linear mode mq)edance of a transistor sudi as the output stage transistors M1..M8 
used in diis cucuit 700 (e.g., FET transistors) can be represented as: 

Z = L/(W*k *(Vgs-VtO) lEQ.q 
where Z is the mq)edance, L and W are the "lengdi" and **widtfa" of the transistor, k is a 
sinq[)lifying "constant" including parameters whidi do not chai^ between transistors in diis 

20 exanq)le, Vqs is the gate-to-source voltage (e.g., gate to ground), and is the direshold 
voltage for the transistor (e.g., 0.5 V). Thus, in this exanq>le, transistors M4 and M8 each 
have an impedance proportional to one over their "width", or 1/10; transistors M3 and M7 
each have an wapedancc proportional to 1/20; transistors M2 and M6 each have an 
inq)edance proportional to 1/40; and transistors Ml and MS each have an inq)edance 

25 proportional to 1/80. 

Connected to pairs of transistors M1/M5..M4/M8 are four level shifters LSI, LS2, 
LS3 and LS4, each of which is controlled by the control logic circuitry 747, and are 
supplied an additional power supply voltage Vxx. The control logic 747 and the circuitry 
preceding it are operated with logic level voltages, i.e., voltage Vdd. The level shifters 

30 LS1..LS4, when turned on by the control logic 747, ou^ut the higher voltage Vxx to the 
gates of the transistors connected to item. Thus die gate-to-source voltage V^s ^ 
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equation EQ. C becomes the iiqmt voltage Vxx which is derived from the rectified 'mpai RF 
signal, and fheiefore is proportional to it up to the limit voltage inq>osed by the interface & 
rectification circuit 422. As can be seen in the equation EQ. C» die impedsaxcc of the output 
stage transistors M1..M8 is inversely proportional to the voltage (Vxx - V-^^. This is an 
5 exemplary technique enq>loyed to vary the modulation index according to variations in the 
incoming power level. 

The control logic 747 has two main sets of control iqmts: the trim bit information, 
and tte phase-shift-keyed data stream PSK_MOD (the PSK MOD signal inverted as it 
passes through another control logic element: a NOR gate 796). 

10 The PSK_MOD signal is formed by known techniques such as combining the data 

stream and a clock signal in an exclusive or (XOR) gate 794. In this embodiment, the clock 
signal is a square-wave signal **SYS_CLK/2" divided down to half the frequency of the 
system clock signal, which obtains its frequency from the RF carrier signal received by the 
antenna system 710, 410. The data stream operates off a column-decoder clock signal with 

15 a frequency of the systmi clock signal divided by 32. For exanq>le, witfi a 125 KHz RF 
signal from the reader/interrogator 106, the system clock frequency will be 125 KHz, die 
SYS_CLK/2 signal frequency will be 62.5 KHz, and the data stream will be clocked at a 
frequem^ of approximately 3.9 KHz, creating 16 qrcles of the SYS_CLK^ signal for each 
cycle (i.e., bit) of the data stream. The data stream is introduced to the modulation circuit 

20 446, 700 via the line 444 from the cohimn to data converter 441 as described hereinabove. 
It is a feature of die present invention to use a sync delay 792 circuit to inqiose a 
synchronization delay on the SYS_CLK/2 signal before it is sq>plied to the XOR gate 794. 
The sync delay 792 provides enough delay (e.g., 400 nano-seconds) to synchronize tfie 
phase changes of the SYS_CLK/2 signal with the phase changes of the data stream signal. 

25 A delay to synchronize is needed due to the delays encountered by the data stream as it 
passes dirough the many gates in the transponder memory 438 and the column and row 
decoders 440, 442 and the column to data converter 441 . Synchronization is desirable so 
that the only phase changes unposed by the XOR gate 794 on the PSK signal are those due 
to bit state changes in the data stream. 

30 The PSK_MOD signal is passed through the NOR gate 796 which serves as an on- 

off switch controlled by either the RESET signal or a "TESTING" signal (indicating if the 
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transponder 400 is in a test mode where nxxhi^ If eidierttie RESET 

signal or the TESTING signal is Ugh, the PSK_MOD signal will be blocted by ttie NOR 
gate 796 and no modulation will occur. 

An exanq)le of a possible stage 747a of the control logic 747 is ilhistrated in Figure 
5 SA.. In this embodiment of Hit transponder 400, ibeic are four bits (e.g., bits 0..3, or 
TRIM_BrrO. TRIMJBITl, TRIM__BIT2, and TRIM_BIT3) m the trimming bits register 
436b which control ibe modulation index, one bit for each level shifter LS1..LS4. As can 
be seen from the ilhistrated circuit 747a, the NAND gate 749a will use the setting of die 
trim bit TRIM BITO (436b.O) to allow the PSK_MOD signal to pass on to the level shifter 

10 LSI if TRIM^BITO is programmed high, or to prohibit the PSK_MOD signalfix)m 

affecting the level shifter LSI if TRIM^BITD is programmed low. (When passed on, the 
PSK_MOD signal will also be inverted by die NAND gate 749a, becomiqg die 
PSK_MOD signal.) It can be seen that, widi a snnilar set of control stages, the trimmiiig 
bits 0..3 will determine which of the output stage transistor pairs M1/M5..M4/M8 are used 

15 to modulate the antenna system 710 accordmg to tte PSK_MOD signal, thereby 
programmably varying the modulation iiKiex. 

Although the invention has been illustrated aiKi described in detail in the drawings 
and foregoing description, the same is to be considered as illustrative and not restrictive in 
character, it being understood that only preferred embodiments have been shown and 

20 described, and that all changes and modifications that come within the spirit of the invention 
are desired to be protected. Undoubtedly, many other ''variations" on the "themes" set forth 
hereinabove will occur to one having ordinary skill in the art to which the present invention 
most nearly pertains, and such variations are mtended to be within the scqie of die 
invention, as disclosed herein. 
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CLAIMS: 

1. An RF transponder (102, 200, 400) comprising an antenna system (210, 410, 
710), characterized by: 

a programmable load (Ml. .M8) connected across the antenna system. 
5 2. An RF transponder, according to claim 1, characterized in that tbe 

programmable load conq>rises: 

a plurality of first transistors (Ml . .M4); 
a corresponding pliirality of second transistors (MS..M8); and 
control logic (747) for connecting selected ones of the first transistors and 
10 selected ones of the secoiKl transistors to the antenna system. 

3. An RF transponder, according to claim 2, characterized by: 

an EEPROM (436, 436b) storing programmed settings for driving the control 

logic. 

4. An RF transponder, according to claim 1, characterized by: 

15 a power supply (Vxx) and level shifters (LS1..LS4) connected to die 

programmable load, wherein voltage changes in the power sqiply dynamically vary a 
magnitude of die programmable load according to power available in the transponder. 

5. An RF transponder, according to claim 1, characterized by: 

a gale (796) for disconnecting die programmable load from the antemia 
20 system in response to a reset signal. 

6. An RF transponder (102, 200, 400), conqirising: 

an antenna systm (210, 410, 710), characterized by: 
a (fynamically variable load (700), con^irising: 
a load (M1..M8) competed across the antenna system; and 
25 a power supply (Vxx) and level shifters (LSI . ,LS4) connected to the load, 

wherein voltage changes of the power supply dynamically vary the magnitiirfe of the load 

according to power available m the transponder. 

7. An RF transponder, according to claim 6, characterized in that: 

the dynamically variable load further conqirises elements for programmable 
30 variation of the magnitude of the load on die antenna systrai, the elements comprising: 
a phirali^ of first transistors (M1..M4); 
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a oonesponding plurality of second transistors (MS..M8); and 
control logic (747) for connecting selected ones of tbe first and second 
transistors to the antenna system. 

8. An RF transponder, according to claini 7, diaracterized by: 

5 an EEPROM (436, 436b) storing programmed settings for driving the control 

logic. 

9. An RF transponder, according to claim 6, characterized by: 

control logic (747) connected for modulating die dynamically variable load, 
wherein the control logic has a control signal iiq>ut (PSK MOD, PSK_MOD) formed m a 
10 gate (794) by logically combinii^ a system clock signal (SYS_CLK/2) and a data stream 
(DATA STREAM). 

10. An RF transponder, according to claim 9, characterized by: 

a sync delay circuit (792) for delaying the system clock signal in order to 
synchronize the system clock signal with the data stream. 
15 11. An RF transponder, according to clann 6, duuracterized by: 

a gate (796) interrupting connection of the load to tbe antenna system m 
response to a res^ signal. 

12. An RF transponder (102, 200, 400), conynising: 
an antenna system (210, 410, 710); and 

20 circuitry (246, 446, 700) for applying modulation to an RF signal received by 

the antenna system, characterized by: 

a modulation load (M1..M8) connected to the antenna system; 
control logic (747) for controlling the modulation load; 
a first gate (794) providing a control signal (PSKMOD, PSK _MOD) to 
25 the control logic, wherein the first gate logically combiKs a system clock signal 
(SYS_CLK/2) and a data stream (DATA STREAM); and 

a sync delay circuit (792) for delaying the system clock signal in order to 
synchronize the system clock signal with the data stream. 

13. An RF transponder, according to claun 12, characterized by: 

30 a second gate (796) interposed between the first gate and the control logic for 

disconnecting die modulation load from the antenna system m response to a reset signal. 
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14. Method for controlling RF signal modulation in a passive transponder which 
conqsrises an antenna system 010, 410, 710), circuitiy (246, 446, 700) for flying 
modulation to an RF signal received by the antenna system, and circuitry (222, 422) for 
deriving transponder power from the received RF signal, characterized by: 

providing a modulation load (M 1..M8), which is connectable to Ae antenna 
system under the control (747) of a control signal (PSK^MOD, PSK _MOD) formed by 
logically combming (794) a system clock signal (S YS_CLK/2) and a data stream (DATA 
STREAM); and 

delaying (792) the system clock signal in order to synchronize the system 
clock signal with the data stream. 

15. Method, according to claim 14, characterized by: 

forming a phase-shift keyed type of control signal, for producii^ phase-shift 
keyed modulation of the RF signal received by the antenna system. 

16. Method, according to claim IS, characterized in that: 

die phase-shift keyed control signal uses a system clock signal having half the 
frequency of the RF signal received by the antenna system; and 

the data stream is a signal clocked at a fraction of the frequency of the RF 
signal received by die antenna ^stem. 

17. Mediod, accordipg to claim 16, characterized in that: 
the fraction is one-thirty-second (1/32) 

18. Mediod, according to claim 14, characterized by: 

optimizing RF signal modulation perfonnance by utilizing a modulation 
index havmg a magnitude which is adjusted according to progranmied trim settings stored 
(436b) m the transponder. 

19. Method, according to claim 18, characterized by: 

binary adjustment of the modulation index as determined by bits of the 
programmed trim settings. 

20. M^od, according to claim 14, characterized by: 

a modulation index having a magnitude which is adjusted dynamically in 
proportion to a power of the RF signal received by die antenna system. 

21 . Method, according to claim 14, characterized by: 
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preventiiig RF signal modulatioii if the power derived from the RF signal 
leceived by the antenna system is too low to provide tnuospond^ power adequate for stable 
transponder operation including RF signal modulation. 
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TECHNICAL FIELD OF THE INVENTION 

15 The present invention relates to monitoring pressure and temperature and, more 

particularly in conjunction with transponders associated with the tires for transmitting 
pressure and temperature measurements to an external (e.g., on-board) receiver (reader, or 
reader/interrogator) . 

BACKGROUND OF THE INVENTION 

20 Safe, efficient and economical operation of a motor vehicle depends, to a significant 

degree, on maintaining correct air pressure in all (each) of the tires of the motor vehicle. 
Operating the vehicle with low tire pressure may result in excessive tire wear, steering 
difficulties, poor road-handling, and poor gasoline mileage, all of which are exacerbated 
when the tire pressure goes to zero in the case of a "flat" tire. 

25 The need to monitor tire pressure when the tire is in use is highlighted in the context 

of "run-flat" (driven deflated) tires, tires which are capable of being used in a completely 
deflated condition. Such run-flat tires, as disclosed for example in commonly-owned US? 
5,368,082, incorporated in its entirety by reference herein, may incorporate reinforced 
sidewalls, mechanisms for securing the tire bead to the rim, and a non-pneumatic tire 

30 (donut) within the pneumatic tire to enable a driver to maintain control over the vehicle after 
a catastrophic pressure loss, and are evolving to the point where it is becoming less and less 
noticeable to the driver l};at the tire has become deflated.. The bro»d nTirpose behind using 
run-flat tires is to enable a driver of a vehicle to continue driving on a deflated pneumatic 
tire for a limited distance (e.g., 50 miles, or 80 kilometers) prior to getting the tire repaired. 
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in a tire/wheel system. In the context of "passive" RF transponders which are powered by 
an external reader/interrogator, another problem is generating predictable and stable voltage 
levels within the transponder so that the circuitry within the transponder can perform to its 
design specification. 

Suitable pressure transducers for use with a tire-mounted U^nsponder include: 

(a) piezoelectric transducers; 

(b) piezoresistive devices, such as are disclosed in USP 3,893,228 (George, et al.; 
1975) and in USP 4,317,216 (Gragg, Jr.; 1982); 

(c) silicon capacitive pressure transducers, such as are disclosed in USP 4,701,826 
(Mikkor; 1987), USP 5,528,452 (Ko; 1996), USP 5,706,565 (Sparks, et al.; 1998), and 
PCT/US99/16140 (Ko, et al.; filed July 7, 1999); 

(d) devices formed of a variable-conductive laminate of conductance ink; and 

(e) devices formed of a variable-conductance elastomeric composition. 
THE EFFECT OF TEMPERAT URE ON GAS PRESSURE 

In a broad sense, for a mass of any gas in a state of thermal equilibrium, pressure P, 
temperature T, and volume V can readily be measured. For low enough values of the 
density, experiment shows that (1) for a given mass of gas held at a constant temperature, 
the pressure is inversely proportional to the volume (Boyle's law), and (2) for a given mass 
of gas held at a constant pressure, the volume is directly proportional to the temperature 
(law of Charles and Gay-Lussac). This leads to the "equation of state" of an ideal gas, or 
the "ideal gas law": 

PV=/iRT 

where: 

fi is the mass of the gas in moles; and 
R is a constant associated with the gas. 

Thus, for a contained (fixed) volume of gas, such as air contained within a 
pneumatic tire, an increase in temperature (T) will manifest itself as an increase in pressure 
(P). 

Because of the ideal gas law relationship, it is recognized that in the context of 
pneumatic tires, one problem that arises during operation of tire pressure sensors of any 
kind is that tires heat up as they are run for longer periods of time. When a tire heats up, air 
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SUMMARY OF THE INVENTION 

According to an aspect of the invention, a radio-frequency (RF) transponder 
comprises circuitry capable of transmitting information unique to an object with which the 
transponder is associated to an external reader/interrogator. Additionally, one or more 
transponder sensors (transducers) provide real-time parameter measurement at the 
transducer location. These measurements are transmitted to the external 
reader/interrogator, in the form of data in a data stream, on a signal which is output by 
the transponder, such as by impressing (modulating) the data stream onto an RF signal 
transmitted by the transponder to the external reader/interrogator. 

According to an aspect of the invention, typically two real-time parameters are 
measured: pressure and temperature. Pressure is preferably measured by a separate ("off- 
chip") pressure sensor, which is of a type that varies its capacitance value in a known way, 
such as a polynomial, or preferably as a substantially linear function of ambient pressure. 
Preferably, the temperature sensor is embedded ("on-chip") in the IC chip of the transponder 
and disposed so as to be subject to substantially the same ambient temperature as the 
pressure sensor so that a true, temperature-compensated pressure can readily be calculated. 

The RF signal transmission is typically produced by modulating the RF signal 
received by a transponder antenna system. According to an aspect of the invention, the RF 
modulation is achieved by modulating a load across the transponder antenna system. 

According to a feature of the invention, the magnimde of the modulation load is set 
according to programmable trim settings, stored in the transponder (e.g., in an EEPROM), 
which are set to optimize the signal modulation for the individual transponder properties and 
for the expected transponder operating conditions. This programmable load comprises a 
plurality of first transistors, a corresponding plurality of second transistors, and control logic 
for connecting selected ones of the first and second transistors to the antenna system. The 
transistors can be selected so that the variation is accomplished in binary steps. 

According to a feature of the invention, a power supply and level shifters are 
connected to the modulating load, wherein voltage changes of the power supply dynamically 
vary the magnitude of the programmable load in proportion to power available in the 
transponder. Alternatively, the power supply and level shifters are connected to the 
programmable laad, thereby combining the dynamic and the programmable load variation. 
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(radio frequency) transponder 102 disposed within (e.g., mounted to an inner surface oO a 
pneumatic tire 104. (An antenna, not shown, is mounted within the tire 104 and is 
connected to the transponder 102.) The transponder 102 is an electronic device, capable of 
transmitting an RF signal comprising unique identification (ID) information (e.g., its own 
serial number, or an identifying number of the object with which it is associated -in this 
example, the tire 104) as well as data indicative of a parameter measurement such as 
ambient pressure sensed by a sensor (not shown) associated with the transponder 102 to an 
external reader/interrogator 106. The external reader/interrogator 106 provides an RF 
signal for interrogating the transponder 102, and includes a wand 108 having an antenna 
110, a display panel 112 for displaying information transmitted by/fi-om the transponder 
102, and controls (switches, buttons, knobs, etc.) 114 for a user to manipulate the functions 
of the reader/interrogator 106. Although shown as a hand-held device, the 
reader/interrogator may be an electronic unit mounted in a vehicle (not shown). The present 
invention is directed primarily to implementing an RF transponder. 

As is known, the ID and/or parameter measurement information may be encoded 
(impressed) in a variety of ways on the signal transmitted by die transponder 102 to the 
reader/interrogator 106, and subsequently "de-coded" (retrieved) in the reader/interrogator 
106 for display to the user. The RF transponder 102 may be "passive", in that it is powered 
by an RF signal generated by the external reader/interrogator 106 and emitted by the 
antenna 108. Alternatively, the RF transponder 102 may be "active", in that it is battery- 
powered. Transponder systems such as the nansponder system 100 described herein are 
well known. 

Commonly-owned, copending PCT Patent Application No. PCT/US98/07338 filed 
14 April 1998 by Pollack, Brown, Black, and Yones, incorporated in its entirety by 
reference herein, discloses a transponder, particularly a "passive" transponder which derives 
its operating power from an external radio firequency (RF) source, and which is associated 
with a pneumatic tire for use in tire identification and transmission of pressure and/or 
temperature data. 

The aforementioned patent application PCT/US98/07338 discloses a transponder 
which is a previous model (model number "30700") of the transponder of the present 
invention. Since the present invention involves commonalities with, as well as 
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CLAIMS: 

1. An RF transponder (102, 200, 400) comprising an antenna system (210, 410, 
710), characterized by: 

a programmable load (M1..M8) connected across the antenna system. 

2. An RF transponder, according to claim 1, characterized in that the 
programmable load comprises: 

a plurality of first transistors (M1.,M4); 
a corresponding plurality of second transistors (M5..M8); and 
control logic (747) for connecting selected ones of the first transistors and 
selected ones of the second transistors to the antenna system. 

3. An RF transponder, according to claim 2, characterized by: 

an EEPROM (436, 436b) storing programmed settings for driving the control 

logic. 

4. An RF transponder, according to claim 1, characterized by: 

a power supply (Vxx) and level shifters (LS1..LS4) connected to the 
programmable load, wherein voltage changes in the power supply dynamically vary a 
magnitude of the programmable load according to power available in the transpoiKier. 

5. An RF transponder, according to claim 1, characterized by: 

a gate (796) for disconnecting the progranmiable load from the antenna 
system in response to a reset signal. 

6. An RF transponder (102, 200, 400), comprising: 

an antenna system (210, 410, 710), characterized by: 

a dynamically variable load (700), comprising: 

a load (M1..M8) connected across the antenna system; and 

a power supply (Vxx) and level shifters (LS1..LS4) connected to the load, 

wherein voltage changes of the power supply dynamically vary the magnitude of the load 

according to power available in the transponder. 

7. An RF transponder, according to claim 6, characterized in that: 

the dynamically variable load further comprises elements for programmable 
variation of the magnitude of the load on the antenna system, the elements comprising: 
a plurality of first transistors (M1..M4); 
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a corresponding plurality of second transistors (M5..M8); and 
control logic (747) for connecting selected ones of the first and second 
transistors to the antenna system. 

8. An RF transponder, according to claim 7, characterized by: 

an EEPROM (436, 436b) storing programmed settings for driving the control 

logic. 

9. An RF transponder, according to claim 6, characterized by: 

control logic (747) connected for modidating the dynamically variable load, 
wherein the control logic has a control signal in>ut (PSK MOD, PSK _MOD) formed in a 
gate (794) by logically combining a system clock signal (SYS_CLX/2) and a data stream 
(DATA STREAM). 

10. An RF transponder, according to claim 9, characterized by: 

a sync delay circuit (792) for delaying the system clock signal in order to 
synchronize the system clock signal with the data stream. 

11. An RF transponder, according to claim 6, characterized by: 

a gate (796) interrupting connection of the load to the antenna system in 
response to a reset signal. 

12. An RF transponder (102, 200, 4(X)), comprising: 
an antenna system (210, 410, 710); and 

circuitry (246, 446, 700) for applying modulation to an RF signal received by 
the antenna system, characterized by: 

a modulation load (ML. MS) connected to the antenna system; 

control logic (747) for controlling the modulation load; 

a first gate (794) providing a control signal (PSK^MOD, PSK _MOD) to 
the control logic, wherein the first gate logically combines a system clock signal 
(SYS_CLK/2) and a data stream (DATA STREAM); and 

a sync delay circuit (792) for delaying the system clock signal in order to 
synchronize the system clock signal with the data stream. 

13. An RF transponder, according to claim 12, characterized by: 

a second gate (796) interposed between the first gate and the control logic for 
disconnecting the modulation load firom the antenna system in response to a reset signal. 
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14. Method for controlling RF signal modulation in a passive transponder which 
comprises an antenna system (210, 410, 710), circuitry (246, 446, 700) for applying 
modulation to an RF signal received by the antenna system, and circuitry (222, 422) for 
deriving transponder power from the received RF signal, characterized by: 

providing a modulation load (M1..M8), which is connectable to the antenna 
system under the control (747) of a control signal (PSK^MOD, PSK _MOD) formed by 
logically combining (794) a system clock signal (SYS_CLK/2) and a data stream (DATA 
STREAM); and 

delaying (792) the system clock signal in order to synchronize the system 
clock signal with the data stream. 

15. Method, according to claim 14, characterized by: 

forming a phase-shift keyed type of control signal, for producing phase-shift 
keyed modulation of the RF signal received by the antenna system. 

16. Method, according to claim 15, characterized in that: 

the phase-shift keyed control signal uses a system clock signal having half the 
frequency of the RF signal received by the antenna system; and 

the data stream is a signal clocked at a fraction of the frequency of the RF 
signal received by the antenna system. 

17. Method, according to claim 16, characterized in that: 
the fraction is one-thirty-second (1/32) 

18. Method, according to claim 14, characterized by: 

optimizing RF signal modulation performance by utilizing a modulation 
index having a magnitude which is adjusted according to programmed trim settings stored 
(436b) in the transponder. 

19. Method, according to claim 18, characterized by: 

binary adjustment of the modulation index as determined by bits of the 
programmed trim settings. 

20. Method, according to claim 14, characterized by: 

a modulation index having a magnitude which is adjusted dynamically in 
proportion to a power of the RF signal received by the antenna system. 

21. Method, according to claim 14, characterized by: 
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preventing RF signal modulation if the power derived from the RF signal 
received by the antenna system is too low to provide transponder power adequate for stable 
transponder operation including RF signal modulation. 



TENT COOPERATION TREA 



From the 

INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY 



RECEIVED 



AUG y 7 2001 



To: 



COHN, Howard M. 

The Goodyear Tire and Rubber Comp. 
c/o Robert W. Brown-Dept 823 
1 144 East Market Street 
Akron, Ohio 44309-3531 
ETATS-UNIS D'AMERIQUE 



per 



CODYEAR PATHNT 
~ -v VPK DEPT. 



NOTIFICATION OF TRANSMITTAL OF 
THE INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 

(POT Rule 71.1) 



Date of mailing 
(day/month/year) 



21.08.2001 



Applicant's or agent's file reference 
DN1 99911 SPOT 


IMPGRTAm" NQ-nFlCATlGN 


International application No. 
PCT/US99/29827 


International filing date (day/month/year) 
15/12/1999 


Priority date (day/month/year) 
17/05/1999 


Applicant 

THE GOODYEAR TIRE & RUBBER COMPANY et al. 



1 . The applicant is hereby notified that this International Preliminary Examining Authority transmits herewith the 
international preliminary examination report and its annexes, if any, established on the international application. 

2. A copy of the report and its annexes, if any, is being transmitted to the Internationa! Bureau for communication 
to all the elected Offices. 

3. Where required by any of the elected Offices, the International Bureau will prepare an English translation of the 
report (but not of any annexes) and will transmit such translation to those Offices. 

4. REMINDER 

The applicant must enter the national phase before each elected Office by performing certain acts (filing 
translations and paying national fees) within 30 months from the priority date (or later in some Offices) (Article 
39(1)) (see also the reminder sent by the International Bureau with Form PCT/IB/301). 

Where a translation of the international application must be furnished to an elected Office, that translation must 
contain a translation of any annexes to the international preliminary examination report. It Is the applicant's 
responsibility to preparie and furnish such translation directly to each elected Office concerned. 

For further details on the applicable time limits and requirements of the elected Offices, see Volume 11 of the 
PCT Applicant's Guide. 



Name and mailing address of the I PEA/ 



European Patent Office 
D-80298 Munich 



Tel. +49 89 2399 - 0 Tx: 523656 epmu d 
Fax: +49 89 2399 - 4465 



Authorized officer 
BON, L 

Tel.+49 89 2399-2961 



Form PCT/IPEA/416 (July 1992) 



03 



MT COOPERATION TREAT 



Ftom the INTERNATIONAL SEARCHING AUTHORITY 



PCT 



To: 

The Goodyear Tire and Rubber Comp. 
r/o Robert U Brown-Dent 823 
Attn. COHN, Howard M. 
1144 East Market Street 
Akron, Ohio 44309-3bJl 
UNITED STATES OF AMERICA 


NOTIFICATION OF TRANSMITTAL OF 
THE INTERNATIONAL SEARCH REPORT 
OR THE DECLARATION 

(PCT Rule 44.1) 


Date of mailing 

(day/month/year) 11/05/2000 


AppOcanf s or agent's file reference 

DN1999118PCT 


FOR FURTHER ACTION See paragraphs 1 and 4 below 


International application No. 

PCT/US 99/29827 


International filing date 
(day/month/year) 15/12/1999 


Applicant 

THE GOODYEAR TIRE & RUBBER COMPANY et al , 



1 . [2 The applicant Is hereby notified that the International Search Report has been established and is transmitted herewith. 
Rllng of amendments and statement under Article 19: 

The applicant is entitJed, If he so wishes, to amend the claims of the International Application (see Rule 46): 

When? The time limit for filing such amendments is normally 2 months from the date of transmittal of the 
International Search Report; however, for more details, see the notes on the accompanying sheet 



Where? Directly to the 



Intemational Bureau of WlPO 
34, chemin des Colombettes 
1211 Geneva 20. Switzeriand 
Fascimile No.: (41-22) 740.14.36 



For more detailed Instructions, see the notes on the accompanying sheet 

2. I — I The applicant is hereby notified that no Intemational Search Report will be established and that the declaration under 
I — I Article 1 7(2)(a) to that effect is transmitted heiBwIth. 

3. [j^ with regard to the protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified tt\at 

□ the protest together with the dedsion thereon has been transmitted to the Intemational Bureau together with the 
applicant's request to forward the texts of t>oth the protest and the decision thereon to the designated Offices. 

I I no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made. 

4. Further actlon(s): The applicant Is reminded of the following: 

Shortly after 18 monttis from the priority date, the intemational application will be published by the Intemational Bureau. 
If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the intemational application, or of the 
priority claim, must reach the International Bureau as provided in Rules QObisA and 90bis.3, respectively, before the 
completion of ttie technical preparations for intemational publication. 

Within 19 months from ttie priority date, a demand for international preliminary examination must be filed if the applicant 
wishes to postpone ttie entry into the national phase until 30 months from ttie priority date (in some Offices even later). 

Within 20 months from the priority data, ttie applicant must perform the prescribed acts for entry into the national phase 
beforB all desi^aled Offices which have not been elected in the demand or in a later election within 19 months from the 
priority date or could not be elected because they are not bound by Chapter II. 



5 



Name and mailing address of the Intemational Searching Auttiority 

European Patent Office, P.B. 5818 Patentiaan 2 
NL-2280 HV Rijswijk 
S/Jf Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 



Authorized officer 

Marja Brouwers 



Fomi PCT/ISA/220 (July 1998) 



RECCiyfcD 




GOODYEAR PATEN l 
ft^yoTnPMARK DEPT. 



NOTES TO FORM PCT/ISA/220 



Those Notes are intended to give the basic instructions concerning the filing of amendments under article 19. The 
Notes are based on the requirements of the Patent Cooperation Treaty, the Regulations and the Administrative Instmctions 
under that Treaty. In case of discrepancy between these Notes and those requirements, the latter are applicable. For more 
detailed information, see also the PCT Applicant's Guide, a publication of WIPO. 

In these Notes, "Artide", "Rule", and "Section" refer to theprovisions of the PCT, the PCT Regulations and the PCT 
Administrative Instructions respectively. 



INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19 



The applicant has, after having received the international search report, one opportunity to amend the claims of the 
international application. It should however be emphasized that, since all parts of the intemational applicalion (claims, 
description and drawings) may be amended during the international preliminary examination procedure, there is usuafly 
no need to file amendments of the claims under Article 1 9 except where, e g. the applicant wants the latter to be pKjbiished 
for the purposes of provision aJ protection or has another reason for amending the claims t>efore intemational pbulication. 
Furthermore, K should be emphasized that provisional protection is available in some States only. 



What parts of the International application may be amended? 

Under Article 19, only the claims may be amended. 

During the intemational phase, the claims may also be amended (or further amended) under Article 34 before 
the International Preliminary Examining Authority. The description and drawings may only be amended under 
Article 34 before the International Examining Authority. 

Upon entry into the national phase, all parts of the intemational application may be amended under Article 28 
or, where applicak>le. Article 41 . 



When? Within 2 months from the date of transmittal of the intemational search report or 1 6 months from the priority 

date, whichever time limit expires later. It should be noted, however, that the amendments will be considered 
as having t>een received on time if they are received by the Intemational Bureau after the expiration of the 
applicable time limit but before the completion of the technical preparations for intemational publication 
(Rule 46.1). 



Where not to file the amendments? 

The amendments may only be filed with the Intemational Bureau and not with the receiving Office or the 
International Searching Authority (Rule 46.2). 

Where a demand for intemational preliminary examination has been^is filed, see below. 



How? Either by cancelling one or more entire claims, by adding one or more new claims or by amending the text of 

one or more of the daims as filed. 

A replacement sheet must be submitted for each sheet of the claims which, on account of an amendment or 
amendments, differs from the sheet originally filed. 

All the claims appearing on a replacement sheet must be numtDered in Arabic numerals. Where a claim is 
cancelled, no renumtsering of the other claims is required. In all cases where claims are renumbered, they must 
be renumbered consecutively (Administrative Instructions, Section 205(b)). 

The amendments must be made In the lartguage In which the Intemational application is to be published. 



What documents fnust/may accompany the amendments? 
Letter (Section 205(b)): 

The amendments must be sut>mitted with a letter. 

The letter will not be published with the intemational application and the amended claims. It should not be 
confused with the ■Statement under Article 1 9(1 )' (see below, under "Statement under Article 19(1)*). 

The letter must be In English or French, at the choice of the applicant. However, If the language of the 
Intemational application Is English, the letter must be In English; If the language of the international application 
Is French, the letter must be In French. 
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NOTES TO FORM PCT/ISA/220 (continued) 



The letter must indicate the differences between the claims as filed and the claims as amended. It must, in 
particular, incficate, in connection with each claim appearing in the international application (it being understood 
that identicai indications concerning several claims may be grouped),whether 

(i) the claim is unchanged; 

(ii) the claim is cancelled; 

(iii) the claim is new; 

(iv) the claim replaces one or more daims as filed; 

(v) the claim is the result of the division of a claim as fRed. 



The following examples Illustrate the manner in which amendments must be explained In the 
accompanying letter: 

1 . [Where originally there were 48 claims and after amendment of some claims there are 51 ): 
'Claims 1 to 29, 31 , 32, 34, 35, 37 to 48 replaced by amended claims l3earing the same numbers; 
dainrts 30. 33 and 36 unchanged; new claims 49 to 51 added." 

2. [Where originally there were 1 5 claims and after amendment of all dajms there are 11]: 
'Claims 1 to 15 replaced by amended claims 1 to 1 1 .' 

3. [Where originally there were 1 4 claims and the amendments consist in cancelling some claims and in adding 
new claims]: 

"Claims 1 to 6 and 1 4 unchanged; claims 7 to 1 3 cancelled; new claims 1 5, 16 and 17 added.* or 
'Claims 7 to 13 cancelled; new claims 1 5, 16 and 17 added; all other claims unchanged.' 

4. [Where various kinds of amendments are made): 

'Claims 1-10 unchanged; claims 11 to 13, 18 and 19 cancelled, claims 1 4, 1 5 and 16 replaced by amerKJed 
daim 1 4; claim 1 7 subdivided into amended daims 1 5, 1 6 and 1 7; new daims 20 and 21 added.' 



"Statement under article 19(1)-* (Rule 46.4) 

The amendments may be accompanied by a statement explaining the amendments and indicating any impact 
that such amerKlmen^ might have on the description and the drawings (which cannot be amended under 
Artide19(1)). 

The statement will be published with the international application and the amended daims. 
It must be In the language In which the International appplieatlon Is to l>e put>lished. 
It must be brief, not exceeding 500 words if in English or if translated into English. 

It should not be confused with and does not replace the letter indicating the dfferenoes t?etween the claims 
as filed ar>d as amended. It must be filed on a separate sheet and must be identified as such by a heading, 
preferably by using the words 'Statement under Article 1 9(1)." 

It may not contain any disparaging comments on the international search report or the relevance of citations 
contained in that report. Reference to citations, relevant to a given claim, contained in the intematlonaJ search 
report may t>e made only in connection with an amendment of that claim. 



Consequence It a demand for International preliminary examination has already been filed 

If, at the time of filing any amendments under Article 1 9, a demand for international preliminary examination 
has already been submitted, the applicant must preferably, at the same time of filing the amendments with the 
International Bureau, also file a copy of such amendments with the tntemational Preliminary Examining 
Authority (see Rule 62.2(a), first sentence). 



Consequenoe with regard to translation of the International application for entry Into the national phase 

The applicant's attention is drawn to the fact that, where upon entry into the national phase, a translation of the 
daims as amended under Artide 19 may have to be furnished to the designated/elected Offices, instead of, or 
in addition to, the translation of the daims as filed. 

For further details on the requirements of each designated/elected Office, see Volume II of the PCT Applicant's 
Guide. 
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NT COOPERATION TREAT v 

PCT 



INTERNATIONAL SEARCH REPORT 

(PCT Article 1 8 and Rules 43 and 44) 



Applicanf s or agent* s file reference 

DN1999118PCT 


FOR FURTHER ®^ Notification of Transmittal of International Search Report 

(Fomi PCT/lSA/220) as well as, where applicable, item 5 below. 

ACTION 


International application No. 

PCT/US 99/29827 


International filing date (day/month/year) 

15/12/1999 


(Earliest) Priority Date (day/month/year) 

17/05/1999 


Applicant 

THE GOODYEAR TIRE & RUBBER COMPANY et al . 



This Intemalional Search Report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 18. A copy is being transmitted to the International Bureau. 

This International Search Report consists of a total of 2 sheets. 

[X| It is also accompanied by a copy of each prior art document cHed In this report 



1. 



Basis of the report 

a With regard to the language, the international search was carried out on the basis of the International application in the 
language in which it was filed, unless otherwise indicated under this item. 

I I the international search was carried out on the basts of a translation of the intemational application furnished to this 
* Authority (Rule 23.1(b)). 

b. With regard to any nucleotide and/or amino add sequence disclosed In the Intemational application, ttie international search 
was carried out on the basis of the sequence listing : 
I I contained in flie intemational application in written form. 

filed together witti the intemational application in computer readable fbrni. 

furnished subsequentiy to this Authority in written form. 

furnished subsequentiy to this Authority in computer readble form. 



□ 
□ 
□ 
□ 

□ 

□ 
□ 



the statement that the subsequentiy furnished written sequence listing does not go beyond the disclosure in the 
intemational application as filed has been furnished. 

the statement that tine information recorded in computer readable fonm is identical to tiie written sequence listing has k>een 
furnished 

Certain claims were found unsearchable (See Box 1). 
Unity of Invention Is lacking (see Box II). 



With regard to the title, 

pr| the text is approved as submitted by tfie applicant. 

I I the text has been established by this Authority to read as follows: 



5. With regard to the abstract, 

pr| the text is approved as submitted by the applicant. 

□ the text has been established, according to Rule 38.2(b). by this Authority as it appears in Box 111. The applicant may, 
within one month from tiie date of mailing of this intemational search report, submit comments to this Authority. 



The figure of the drawings to be published with the abstract is Figure No. 



Pn as suggested by ttieappficant. Q None of ttie figures. 

I I because the applicant failed to suggest a figure. 

I I because this figure better characterizes the invention. 



Fomn PCT/ISA/210 (first sheet) (July 1998) 



NAL SEARCH REPORT 



1 Application No 

99/29827 



A. C1.ASS1FICAT10N OF ^BJECT MATTER 

IPC 7 G06K19/07 



Acoording to international Patent Ciassification (IPC) or to both nationai dassification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification s/stem followed by dassHicatlon symbols} 

IPC 7 G06K 



Documentation searched other than minknum documentation to the extant that such documents are induded in the Batds searched 



Qectionic data base consulted during the intetnatlonal search (name of data base and. where practical, search tarms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Categoiy ' Citation of document, with kKfcflMon, where appropriate, of the relevant pa s sages 



Relevant to dakn No. 



FR 2 764 977 A (STELLA) 

24 December 1998 (1998-12-24) 

page 5, line 26 -page 8, line 17 

EP 0 583 690 A (TELEFUNKEN MICROELECTRON) 
23 February 1994 (1994-02-23) 
the whole document 

EP 0 473 569 A (MIKRON GES FUER 
INTEGRIERTE MI) 4 March 1992 (1992-03-04) 
page 4, line 27 -page 5, line 1; figures 
1,2 



1-3 
4,6-8 
4,6-8 
9 

10.12,14 



□ 



Furtlier docunnents are listed In ttie continuation of box C. 



□ 



Patent family fnemt)ers are listed in annex. 



* Special categories of cited documents : 

'A' document defining the general state of the art which is not 
considered to be of particular relevance 

"E' earlier document but published on or after the international 
filing date 

"L' document which may throw doubts on priority claim(s) or 
which is cited to establish the publicatjon date of another 
citation or other special reason (as specified) 

"O' document referring to an oral disclosufe. use. exhlk>itionor 
other means 

*P* documerrt published prior to the international fQing date tHXt 
later than the priority date claimed 



T" later document published after the international filing date 
or priority date and not in conflict with tlie application t>ut 
cited to understand the principle or theory urKierlying ttie 
invention 

■X' document of particular relevance; the claimed invention 
cannot be considered novel or canrKTt be considered to 
Involve an inventive step when the document is taken alone 

■Y' document of particular relevance: the claimed invention 

cannot be considersd to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

'& ■ document memt>er of the same patent family 



Date of the actual completkm of the international search 



20 April 2000 



Date of mailing of the intentional search report 



11/05/2000 



Name and mailing address of the ISA 

European Patent Office. P.B. 5818 Patentiaan 2 
NL - 2280 HV Rijswijk 
Tel. (401-70) 340-2040. Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 



Authorized off)cer 



Degraeve, A 



Fomt PCTyiSA/210 (aeoond sheet) (July 1992) 



Irw 



NAL SEARCH REPORT 

potent family mambore 



pcT^r 



Application No 

99/29827 



Patent document 




Publication 




Patent family 


PubOcalion 


Cfted in seaich report 








fn^nber^s) 


ddte 


FR 2764977 


A 


24-12-1998 


EP 


0988511 A 


29-03-2000 






WO 


9858238 A 


23-12-1998 


EP 0583690 


A 


23-02-1994 


DE 


4227551 A 


24-02-1994 








DE 


59308660 D 


16-07-1998 








US 


5418358 A 


23-05-1995 



EP 0473569 


A 


04-03-1992 


AT 


395224 


B 


27-10-1992 








DE 


59105094 


D 


11-05-1995 








JP 


2683305 


B 


26-11-1997 








OP 


6152473 


A 


31-05-1994 








US 


5345231 


A 


06-09-1994 



Foim PCTASAJZiO (patent family annex) (July 1992) 



1 

V 



P^^NT COOPERATION TREATY 

PCT 

INTERNATIONAL SEARCH REPORT 

(PCT Article 18 and Rules 43 and 44) 



/018208 



Applicant's or agent* s file reference 
DN1999118PCT 


POR FURTHER ^ Notification of Transmittal of International Searcti Report 
. . (Form PCT/ISA/220) as well as, where applicable, item 5 t>e(ow. 

ACTION 


International appilcab'on No. 
PCT/US 99/29827 


International filing date (day/month/year) 

15/12/1999 


(Earliest) Priority Date (day/monih/year) 

17/05/1999 


Applicant 

THE GOODYEAR TIRE & RUBBER COMPANY et al . 



This Intamational Search Report has been prepared by this Intemational Searching Authority and is transmitted to the applicant 
according to Article 18. A copy is being transmitted to the Intemational Bureau. 

This Intemational Search Report consists of a total of 2 sheets. 

[X| It is also accompanied by a copy of each prior art document cHed in this report 



Basis of the report 

a With regard to the language, the Intemalionat search was carried out on ttie basis of the intemational application In the 
language in which it was filed, unless othenvise indicated under this item. 

I I the intemational search was carried out on the t>asls of a translation of the intemational application fumished to this 
' Authority (Rule 23.1(b)). 

b. With regard to any nucleotide and/or amino acid sequence disclosed in the intemational application, the intemational search 
was carried out on the basis of the sequence listing : 
I I contained in the intemational application in written form. 

filed together wHh ttie intemational application in computer readat)le form, 
fumished subsequently to this Authority in written fomn. 
fumished subsequently to this Authority in computer readble form. 



□ 
□ 
□ 
□ 

□ 



the statement that the subsequently fumished written sequence listing does not go beyond the disclosure in the 
intemational application as filed has been fumished. 

the statement that the infomnation recorded in computer readable fbrm is identical to ttie written sequence listing has been 
fumished 



I I Certain claims were found unsearchable (See Box I). 
r~| Unity of Invention Is lacking (see Box II). 

With regard to the tttie, 

[X| ttie text is approved as submitted by ttie applicant. 

I I ttie text has been established by ttits Auttiority to read as follows: 



Witti regard to ttie abstract, 

pT] the text is approved as sut)mitted by the applicant. 

□ ttie text has been established, according to Rule d8.2(b), by ttiis Auttiority as it appears in Box III. The applicant may, 
wittiln one month from ttie date of mailing of ttiis international search report, submit comments to ttiis Auttiority. 

The figure of ttie drawings to be published wHh ttie abstract Is Rgure No. 5 

[Xl as suggested by the applicant. Q None of ttie figures. 

I I because the applicant failed to suggest a figure. 

I I because this figure better characterizes ttie invention. 



Fomfi PCT/iSA/210 (first sheet) (July 1998) 



INTERNATIONAL SEARCH REPORT I .n..„^„ ^,oM.on no 



itorn^^a 

>c9 



PC^P 99/29827 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 ♦ G06K19707 



According to International Patent Claaslflcatlon (IPC) or to both national dassiflcaBon and IPC 



B. FIELDS SEARCHED 



Minlmuni documentation aearched (classification system toiloiwed by ciassffication symlwls) 

IPC 7 G06K 



Documentation searched other than minimum documentation to the extent that such documents are Included In the fields searched 



Bectronic data base consulted during the international search (name of data t>a8e and, where practical, search tenns used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with IrKlicatlon, where appropriate, of the relevant passages 


Relevant to daim No. 


X 


FR 2 764 977 A (STELLA) 


1-3 




24 December 1998 (1998-12-24) 




Y 


page 5, line 26 -page 8, line 17 


4,6-8 


Y 


EP 0 583 690 A (TELEFUNKEN MICROELECTRON) 


4,6-8 




23 February 1994 (1994-02-23) 




A 


the whole document 


9 


A 


EP 0 473 569 A (MIKRON GES FUER 


10,12,14 




INTE6RIERTE MI) 4 March 1992 (1992-03-04) 






page 4, line 27 -page 5, line 1; figures 






1,2 











□ 



Further documents are listed In the continuation of box C. 



Patent family members are listed in annex. 



* Special categories of cited documents : 

•A' document defining the general state of the art which is not 

considered to be of particular relevance 
'E* earlier document but published on or after the international 

filing date 

"L' document which may throw doubts on priority ciaim(8) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

*0' document referririg to an oral disclosure, use, exhik}ition or 
other means 

'P' document published prior to the intematior^al filing date but 
later ttnan the priority date claimed 



1' later document published after the international filing date 
or priority date and not in conflict with the application but 
dted to understand the principle or theory underlying the 
invention 

'X' document of particular relevance; the claimed Invention 
canrK>t be considered novel or cannot t>e considered to 
involve an inventive step when the document is taken alone 

*Y* document of particularielevafK»: the claimed Invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

*&* document member of the eame patent family 



Date of the actual completkKi of tite international search 

20 April 2000 


Date of mailing of the International eearch report 

11/05/2000 


Name and mailing address of the ISA 

European Patent Office. P.B. 5816 Patentiaan 2 
NL-2280HV Rijswl^ 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: (431-70) 340-3016 


Authorized officer 

Degraeve, A 



Fbfm PCT/ISA/210 (aeoond «heet) (July 1002) 



INTERNATIONAL SEA 



^•,.9!^l^^"^^T!ON °^ SUBJECT MATTER 

IPC 7 G06K19/07 



REPORT 



In ational Application No 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum doctimentation searched (classification system followed by classification svmbolsl 

IPC 7 G06K 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and. where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ^ 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevartt to claim No. 



X 
Y 
Y 
A 
A 



FR 2 764 977 A (STELLA) 

24 December 1998 (1998-12-24) 

page 5, line 26 -page 8, line 17 

EP 0 583 690 A (TELEFUNKEN MICROELECTRON) 
23 February 1994 (1994-02-23) 
the whole document 

EP 0 473 569 A (MIKRON GES FUER 
INTEGRIERTE MI) 4 March 1992 (1992-03-04) 
page 4, line 27 -page 5, line 1; figures 
1,2 



1-3 
4,6-8 
4,6-8 
9 

10,12,14 



1 1 Further documents are listed in the continuation of box C. 


|X 1 Patent 'amity members are listed in annex. 


Special categories of cited documents : 

"A" document defining the general state of the art which is not 
considered to be of particular relevance 

earlier document but published on or after the international 
filing date 

"L" document which may throw doubts on priority claim(8) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use. exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date claimed 


'T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underiying the 
invention 

"X" document of particular relevance: the claimed invention 
cannot be cortsidered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance: the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination beir>g obvious to a person skilled 
in the art. 

document member of the same patent family 


Date of the actual completion of the international search 


Date of mailing of the international search report 


20 April 2000 


11/05/2000 


Name and mailing address of the ISA 

European Patent Office. P.B. 5818 Patentlaan 2 
NL - 2280 HV Rljswiik 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 


Authorized offk:er 

Degraeve, A 


Foim PCT/ISAQi 0 (second sheet) (July 1 992) ■ 



INTERNATIONAL SEARCH REPORT 

Infomui^^^^^ patont family mMibors 


lnlenM|^al AppHcatlon No 

PC^P 99/29827 


r, Patent document 
cftGKl in search report 


Publication 
date 


Patent family 
memt>erts) 


Publication 
date 



FR 2764977 



24-12-1998 



EP 0988511 A 
UO 9858238 A 



29-03-2000 
23-12-1998 



EP 0583690 A 23-02-1994 DE 4227551 A 24-02-1994 

DE 59308660 D 16-07-1998 
US 5418358 A 23-05-1995 



EP 0473569 


A 


04-03-1992 


AT 


395224 


B 


27-10-1992 








DE 


59105094 


D 


11-05-1995 








JP 


2683305 


B 


26-11-1997 








JP 


6152473 


A 


31-05-1994 








US 


5345231 


A 


06-09-1994 



Fom PCT/ISAAIO (potent famOy annex) (JUty 1992) 



INTERNATIONAL 


SEAJ&CH REPORT 
REPORT 






Im jtional Application No 

PCT/1^9/29827 


Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 


FR 2764977 A 


24-12-1998 




EP 

WO 


0988511 A 
9858238 A 


29-03-2000 
23-12-1998 


EP 0583690 A 


23-02-1994 




DE 

DE 
US 


4227551 A 
59308660 D 
5418358 A 


24-02-1994 
16-07-1998 
23-05-1995 



EP 0473569 A 04-03-1992 AT 395224 B 27-10-1992 

DE 59105094 0 11-05-1995 

JP 2683305 B 26-11-1997 

JP 6152473 A 31-05-1994 

US 5345231 A 06-09-1994 



PTTrENT COOPERATION TREA1 

PCT 

INTERNATIONAL PRELIMINARY EXAMINATION REPORT 

(PCT Article 36 and Rule 70) 



Applicant's or agent's file reference 
DN1999118PCT 


See Notification of Transmittal of International 
FOR FURTHER ACTION Preliminary Examination Report (Fomi PCT/IPEA/416) 


international application No. 
PCT/US99/29827 


International filing date (day/month/year) 
15/12/1999 


Priority date (day/month/year) 
17/05/1999 


International Patent Classification (IPC) or national classification and IPC 
G06K19/07 


Applicant 

THE GOODYEAR TIRE & RUBBER COMPANY et al. 



1 . This international preliminary examination report has been prepared by this International Preliminary Examining Authority 
and Is transmitted to the applicant according to Article 36. 

2. This REPORT consists of a total of 9 sheets, including this cover sheet. 

H This report is also accompanied by ANNEXES, i.e. sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of 1 1 sheets. 



3. This report contains Indications relating to the following items: 



1 




II 


□ 


III 


□ 


IV 


□ 


V 




VI 


□ 


VII 


IS 


VIII 





Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations suporting such statement 

Certain documents cited 

Certain defects in the international application 



Date of submission of the demand 
28/09/2000 


Date of completion of this report 
21.08.2001 


Name and mailing address of the intemational 
preliminary examining authority: 

^ European Patent Office 
^ O-80298 Munich 

Tel. +49 89 2399 - 0 Tx: 523656 epmu d 
Fax: +49 89 2399 - 4465 


Authorized officer ^^-r^siis^v. 
Hauser-Schmleg. M \^ i/ 

Telephone No. +49 89 2399 8478 ^ 



Form PCT/I PEA/409 (cover sheet) (January 1994) 



INTERNATIONAL PRELIMINARY 

EXAMINATION REPORT International application No. PCT/US99/29827 



I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an Invitation under Article 14 are referred to In this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 1 7)): 
Description, pages: 

2-4,6,7,9,10, as originally filed 

12-53 

1 ,1 A,5,7A-7B,8, as received on 01/07/2001 with letter of 1 0/05/2001 

11 



Claims, No.: 

1-21 as received on 01/07/2001 with letter of 10/05/2001 



Drawings, sheets: 

1/8-8/8 as originally filed 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this Item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 



Form PCT/IPEA/409 (Boxes l-VIII, Sheet 1) (July 1998) 



INTERNATIONAL PRELIMINARY 

EXAMINATION REPORT International application No. PCT/US9.9/29827 



4. The amendments have resulted in the cancellation of: 



□ the description, pages: 

□ the claims. Nos.: 

□ the drawings, sheets: 



5. H This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 

see separate sheet 

6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, Inventive step or Industrial applicability; 
citations and explanations supporting such statement 

1. Statement 



Novelty (N) 


Yes: 


Claims 


2-3. 7-8. 10-21 




No: 


Claims 


1 . 4-6, 9 


Inventive step (IS) 


Yes: 


Claims 


10, 12-21 




No: 


Claims 


2-3. 7-8. 1 1 


Industrial applicability (lA) 


Yes: 


Claims 


1-21 




No: 


Claims 





2. Citations and explanations 
see separate sheet 

VII. Certain defects in the International application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 



Vlll. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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To Chapter 1.5 

1,5. Disclosure of the Amendments in the Application Documents as originally filed 

The amendments filed with letter of 10.05.2001 introduce subject-matter which extends 
beyond the content of the application as filed, contrary to Article 34 (2) (b) PCT; further 
reference is made to the International Preliminary Examination Guidelines, part IV, 
chapter VI, paragraphs 7.9 and 7.13. 

The amendments concerned are the following: 

the replacement of (... connected) across (the antenna ...) by (... connected) to 
(the antenna ...) in claims 1 and 6 ("to" is more general than "across); 

To Chapter V.2. 

V.2.1 Claims 1-5 related to a RF transponder 
V.2.1.1. Independent Claim 1 

Claim 1 is still formulated so broadly that the subject-matter of the state of the art 
documents mentioned in the International Search Report, e.g. FR 2 764 977 A 
(document D1), can be read on its subject-matter; D1 shows (see figure 1) and 
describes on page 5, line 26, to page 6, line 5: 

a RF transponder (1 , "etiquette electronique") comprising an antenna system (11), 
the transponder having a programmable load (the microprocessor (13) in 
combination with the Electrically Erasable and Programmable Read Only Memory, 
EEPROM, (14) is part of and constitutes the programmable load of the antenna 
coil) connected across (or to) the antenna system (11) for transmission 
modulation ("L'unite centrale 13 assure les operations classiques de ... modulation 
de la charge de la bobine (d'antenne) 1 1 pour remission de donnees au milieu 
exterieur ..." — > the central processing unit (13) assures the classic processing of 
... modulation of the load of the (antenna) coil (11) for the emission of data to the 
exterior medium). 
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Therefore, the present application does not satisfy the criterion set forth in Article 33 (2) 
PCT because the subject-matter of independent claim 1 is not new in respect of prior 
art as defined in the regulations (Rule 64 (1)-(3) PCT). 

Further corresponding transponders are part of the chip-card of EP 0 583 690 A2 
(document D2) and of the contact-less inductive data-transmission system according to 
EP 0 473 569 A2 (document D3), see abstracts + figures 2 of both, the the latter having 
an inductive or resistive load, see claim 5. 

V.2.1.2. Claims 2-5 dependino on Claim 1 

Claims 2-5 depending on claim 1 and having as subject-matter special embodiments of 
the invention according to claim 1 do not fulfil the provisions of the PCT (Art. 33 and 
Rule 6 PCT) since their validity is dependent on that of claim 1 , which has been denied. 

Further, the features of the following claims do not add new features or anything of 
inventive significance (in the sense of Arts. 33 (2) or (3) PCT) to the subject-matter of 
claim 1, the features being -at least per se - known from the documents listed below: 

- claims 2-4: D2, see abstract and description, column 1 , lines 11-19, 22-25, 34-38, 

43-45, and 51 to column 2, line 1, lines 4-8, 9-11, 21-23, and 55 to 
column 3, line 10, column 4, line 50 to column 5, line 16 and lines 27- 
51; 

- claim 3: D1 , page 5. line 33; D2, column 1, line 15; D3, the sentence linking 

pages 4 and 5. 

- claim 5: D3, figure 2, "reset generator" (13). 

V.2.2. Claims 6-1 1 related to a RF Transponder 
V.2.2.1 Independent Claim 6 

Document D2 shows (see figures) and describes (see abstract and description, column 
1 , lines 11-19, 22-25, 34-38, 43-45, and 51 to column 2, line 1 , lines 4-8, 9-1 1 , 21-23, 
and 55 to column 3, line 10, column 4, line 50 to column 5, line 16 and lines 27-51): 
a RF transponder, comprising: 
an antenna system (1), 
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a dynamically variable load (T1 , R1 ; 2, 3), comprising: 

a load connected across (to) the antenna-system for transmission 
modulation; and 
a power supply and level shifters connected to the load, 
wherein voltage changes of the power supply dynamically vary the 
magnitude of the load according to power available In the transponder 
(remark: either the resistor (R1) is switched to the antenna by the transistor 
(T1) for the purpose of sending of information to a read-write device or the 
EEPROM programming circuit (requiring higher energy) is connected to the 
antenna via the send / receive stage (2)). 

Therefore, the present application does not satisfy the criterion set forth in Article 33 (2) 
PCT because the subject-matter of independent claim 6 is not new in respect of prior 
art as defined in the regulations (Rule 64 (1)-(3) PCT). 

V.2.2.2. Claims 7-1 1 dependino on Claim 6 

Claims 7-1 1 depending on claim 6 and having as subject-matter special embodiments 
of the invention according to claim 6 do not fulfil the provisions of the PCT (Art. 33 and 
Rule 6 PCT) since their validity is dependent on that of claim 6, which has been denied. 

Further, the features of the following claims do not add new features or anything of 
inventive significance (in the sense of Arts. 33 (2) or (3) PCT) to the subject-matter of 
claim 6, the features being -at least per se - known from the documents listed below: 

- claims 7-9: D2, see the references cited above; 

- claim 1 1 : D3, reset generator (1 3) of fig. 2. 

V.2.3. Claims 12-13 related to a RF Transoonder 

V,2.3.1 . Novelty of Claim 12 

D3 discloses (see especially figure 2): 
an RF transponder (3), comprising: 
an antenna system (10); and 
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circuitry (18) for applying modulation to an RF signal received by the 
antenna system (10), 
the transponder having: 

a modulation load (see claim 5) connected to the antenna system; 
control logic (16) for controlling the modulation load. 

The subject-matter of claim 12 differs therefrom in additionally having: 

a first gate providing a control signal to the control logic, wherein the first gate 

logically combines a system clock signal and a data stream; and 
a sync delay circuit for delaying the system clock signal in order to synchronize 

the system clock signal with the data stream. 

Therefore, the subject-matter of the present claim 12 seems to fulfil the provisions of 
Art. 33 (2) PCT (Novelty) in view of the state of the art as mentioned in the search 
report. 

V.2.3.2. Inventive Step 

The problem to be solved by the subject-matter of the present invention as defined in 
claim 1 1 may therefore be regarded as to provide a retransmission of data from a 
transponder in which data and a clock signal (comment: derived from an interrogation 
signal) are well synchronised. 

Whereas it is well-known in the art to derive in a transponder a clock signal from the 
interrogator (see D3, figure 2 and page 4. lines 49-50 and page 5. lines 4 to 7), the 
state of the art is silent with respect to data streams, their clocking and synchronisation 
with the transmission clock signal. Consequently, the person skilled in the art gets no 
hint from the state of the art for the solution as claimed. 

Therefore the present claim 12 seems to fulfil the provisions of Art 33 (3) PCT. 
V.2.3.3. Dependent Claim 13 

Claim 13 depending on claim 12 and having as subject-matter special and 
advantageous embodiments of the invention according to claim 12 seems, together 
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with its subject-matter, to fulfil the provisions of Art. 33 (2) and (3) and Rule 6 PCT. 
V,2.4. Method Claims 14-21 

The same which has just been mentioned with respect to independent claim 12 seems 
also to be valid for the corresponding data transmission method defined in claim 14 
corresponding substantially to the subject-matter of independent claim 12; 
consequently, claim 14 seems to fulfill the provisions of Article 33 (2) and (3) PCT. 

In the same sense, claims 15-21 depending on claim 14 and having as subject-matter 
special and advantageous embodiments of the invention according to claim 14 seem, 
together with Its subject-matter, to fulfil the provisions of Art. 33 (2) and (3) and Rule 6 
PCT. 

V.2.5. Industrial Applicabilitv 

The claims seem to fulfil the provisions of Art. 33 (4) PCT, because corresponding 
transponders / data transmission methods can be produced / realised and used - at 
least in the transponder industry. 

To Chapter VIL 

VII. 1 In the Claims 

The independent claims are not cast properly in the two part form, with those features 
which in combination are part of the closest prior art (see the respective paragraphs of 
Chapter V.2. above) being placed in the preamble; consequently, they do not meet the 
requirements of Rule 6.3 (b) PCT. 

VII. 2 In the Description 

Not ail PCT-application numbers on pages 1, 5, 11,... have been replaced by the 
respective PCT-publication numbers (Rule 5.1 (a) (ii) PCT). 
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To Chapter VIII. 

VIII. 1 , Clarity and Conciseness of the Claims 

The claims do not fulfill the provisions of Article 6 PCT with respect to clarity and 
conciseness; in the independent claims, the load is not defined, especially in view of its 
purpose (-> for varying a modulation index???) or constitution - "a programmable load" 
may even be a simple microprocessor or memory of a transponder or a simple fusible 
link or grid array or dip switch. 

The number of the independent claims are not kept at a minimum, with dependent 
claims as appropriate (conciseness of the claims, Article 6 PCT and Rules 6.1 (a) and 
6.4 PCT). 
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